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ABSTRACT 

This publication is the concluding text in a 
four-part curriculum for air conditioning and refrigeration. 
Materials in Book 4 are designed to complement theoretical and , 
functional, elements in Books 1-3. Instructional materials in. this 
publication are written in 'terms of student performance using 
measurable objectives. The course includes six units. Each unit 
contains some or all of the basic components of a unit of 
instruction : performance objectives , suggested activities for 
teachers, information sheets, assignment sheets, job stieets, 
transparency masters, tests, and answers to the tests. Units are 
liberally illustrated and are planned for more than one lesson or 
class period o£ instruction. Information for the teacher includes an 
instructional/occupational analysis of air conditioning and 
refrigeration, a list of tools and equipment , needed, and a list of 
references.- Topics covered by the six knits ape the following: gas 
furnaces,' electrical heating systems, residential cooling systems, 
heat pump systems, balance points, and hydronics. (KC) 
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PREFACE 



4/r Conditioning and Refrigeration', Book iV> is the concluding text in MAVCC's 
four-part curriculum for air conditioning and refrigeration. Materials in Book fV are de- 
signed to complement theoreticafr and functional elements in Books /, //, and ///, * I 

A^with Book ///, this text is smaller in size and lower in price, and it*s economy, 
in both cases, should lertd to its ready compliance with current demands in the classroom 
for comprehensive materials that ^re adaptable to long-range programs as well as speciality 
programs with industry and adult education, J - \ 

s ** ■ ' ■ i 1 I 

As sugested in the forward, rapid technical advancements in the stir conditioning 
and refrigeration industry will bring demands, for new skills. Your suggestions for Classroom 
materials to serJe this volatile transitional period will serve to help MAVCC in its con- % 
tinurng effort to answer the needs of classroom and industry. 



Ann Benscfh 
Executive Director 
Mid-Anwica Vocational Gurriculum 
Consortium * 
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The 1980's promise advancement in solar energyyfechnology-and alternative fuel 
sources. Many of these advancements wilt confront/air conditioning and refrigeration 
technicians with the challenge of ^modifying existing^heating and cooling systems to meet 
new demands for energy savings ^| economy. J i 

Modern 'gas furnaces are built with' energy-saving heat exchangers, but older gas 
fu f rnacescan birmodtfr^d with electric ignition devices that promote economy. Heat pump 
systems have been arouftti a long time, but design changes present new demands for arti- 
culate installation and professional service. Air Conditioning and Refrigeration, Book IV, 
attempts to address problems tfoat^will be faced by technicians in a transitional industry 
on the premise that rapid advancements in the industry will demand an even better com- 
mand of basic system installation and service skills. 

* ^\ 
The success of This publication is due, in large part, to the capabilities of the per- 
sonnel who worked with its development. The technical writers have numerous years of 
industry as well as teaching and writing experience. Assisting them in their efforts were 
representatives of the air conditioning and refrigeration professions who brought with them 
technical* expertise and the experience related to the classroom and to the trade. To assure 
that the materials would parallel the industry environment and be accepted as a trans- 
portable basic teaching tool, other organizations and industry representatives were involved 
in the developmental phases of the manual.* Appreciation is extended to them for their 
valuable contributions to the manual. . ' 



This publication is designed to assist teachers in improving instruction. As this 
publication js used, it is hoped that the student performance will improve and that students 
will be better able to assume* a role in their*chosen occupation. Every effort has been made 
to make this publication basic, readable, and by all means usable. Three vital parts of 
instruction have been intentionally omitted: motivation, personalization, and localization. 
These, areas are left to the individual instructors who should capitalize on them. Only then 
will this publication really become a vital part of the teaching learnipg process. 

Instructional materials in this publication are written in terms of student performance 
using measurable objectives. This is an innovative approach to teaching that accents and 
ailments the teaching/learning process. Criterion referenced evaluation instruments are 
provided for uniform measurement of student progress. In addition tb evaluating recall 
information, teachers are encouraged to evaluate the other areas including process ara 
producffas indicated at the end of e^ch instructional unit. s \ 

Jt Is the sincere belief of the MAVCC personnel and all those members who served 
on the committee that this publication will allow the students to become better prepared 
and ignore effective members of the work force. If there is anything that we can do to help 
this publication become more useful to you, please let us know. 



David Merrill, Chairman 
Board of Directors 
Mid-America Vocational 
dulum Consortium 
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USE OF THIS PUBLICATION 



Instructional Units 



Air Conditioning and Refrigeration, Book fV, includes 6 units. Each instructional unit 
includes some or all of the basic components of a unit of instruction: performance objec- 
tives, suggested activities for teachers, information sheets, assignment sheets, visual *ds, job 
sheets, tests, and answers to tbe test. Units are planned for more than one lesson orrlafcs 
period of instruction. > r ^ 

Careful study of each instructional unit by the teacher will help determine: ' 



A. 
B. 



C. 
D. 



* 

The amour\t of material that can be coveted in each class period 
The skills which must be demonstrated m * 

1. Supplies needed 

2. Equipment needed / 

3. Amount of practice needed A . 

4. Amount of class time needed x for demonstrations 

Supplementary materials such as pamphlets or filmstrips that must be ordered 
Resource people who must be contacted 



Objectives , . ■> 

Eaefi unit of instruction is based on performance objectives. These objectives state the 
goals of the course, thus providing a sense of direction and accomplishment for the student* 

Performance objectives are stated, in two forms: unit objective^, stating the subject 
mattfer to be covered in a unit of instruction; and specific objectives, stating the student per- 
formance necessary to reach the unit objective. 

Since tpG objectives of the unit provide direction for the teaching-learning process, it 
is importartf for the teacher and students to have, a common Understanding of the intent of 
the objectives. A limited number of performance terms have been used iji the objectives for 
this curriculum to assist in promoting the effectiveness of the communication among all 
individuals using the materials. - 



Following is a list of performance teems and their synonyms wt^ich 
in this material: * 



aay h$\fe been used 



Name 
Label - 
List in writing 
List orally 
Letter 
Record 
Repeat \ 
Give 



Identify 

Select 

Mafk 

Po^pt out 

Pick out 

Choose 

Locate 



Describe 
Define , 
Discuss in writing 
Discuss orally 
Interpret 
Tell how 
Tell what ; 
Explain 



Orde r 

Arrange 

Sequence 

List in order > 

Classify 

Divide 

Isolate * 



Distinguish 
Discriminate 



'Demonstrate 

Show your work* 

Show procedure 

Perform an experiment 

Perform the steps 

Operate 

Tiemove 

Replace 

Turn off /on 

(Dis) assemble . 

(Dis) connect 



Additional Terms Used 

Evaluate - 

Complete 

AnalVze 

Calculate 

Estimate 1t 

Plan 

Observe 

Compare 

Determine 

Perform 



, Construct 

^ Draw 
Make • " 
Build 
Design 
Formulate 
Reproduce 
Transcribe 
Reduce 
Increase 
Figure 



Prepare 

Make 

Read 

Tell - 

Teach \ 

Converse 

Lead 

State 

Write 



• Reading of the objectives by the student should be .followed by a dtass discussion to 
answer any questions concerning performance requirements for each instructional unit* 

j 

s Teaqhers should feel free to add objectives whjph will fit the material to the needs of 
the students and community* When teaphers add objectives, they should rernember to' 
^supply.the needed information, assignment and/or job sheets, and criterion tests. *\ 

Suggested Activities fo/ the Instructor : ^ 

Each unit erf instruction has * suggested activities sheet outlining steps to Jptlow in 
accomplishing specific objectives. Duties of instructors will very according to the particular 
unit; however, for best use of 'the material thq^should include thi^oltowing: provide 
students with objective sheet, information sheet^ssignment sheets) and jbb sheets; preview 
filmstrips, make transparencies, and arrange for resource materials and people; discuss'unit 
and specific objectives and information sheet;give test* Teachers are encouraged to use any 
additional instructional activities and teaching methods to aid students in accomplishing the 
objectives* A - ~ t 

$ * r 

* Information Sheets y ' ^ 

si ^ * C , • K ■ 

Information sheets i^rgpide content essential for meeting the cognitive (knowledge) ob- 
jectives in the unit. The teacher will find that the information sheets serve as an excellent 
guide ftfr presenting the background knowledge necessa'ry to develop the £kill specified in 
the unit objective. • 

/ > \ 

Students should read t^e information sheets before the information is discussed in 
class. Studentsmay take additional notes on the information sheets. 
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Transparency Masters 

* * 
Transparency-masters provide information in a special way, The students may see as 
well as hear the material being presented* thus reinforcing the learning process. Transparen- 
cies may present new'information or they may reinforce information presented m the in- 
formation sheets. They are particularly effective when- identification is necessary. 

Transparencies should be made and placed in the notebook where, they will.be imme- 
diately Available for use, Transparencies direct the class's attention to the topic of discus- 
sion. (NOTE: T6 overcomg the noise of an ovedtow projector some teachers have a 
tendency to speak too loudly, so it is always best t^HQji^way from the projector when 
discussing transparencies.) 

Assignment Sheets 

Assignment sheets give direction to study' and furnish practice for paper and pencil 
activities to develop the.knowledg^swhich are necessary prerequisites to skill development. 
These may be given to the stUdenHfor completion in class or used for Homewofk assign- 
ments. Answer sheets are provided which may bfc used by the studertt and/or teacher for 
checking student progress. * ' t~ 

Job Sheets ' ' - 

Job- sheets are an important segment of each,unit. In njost situations, the instructor 
should be able to demonstrate the skills outlined in the job sheets. Procedures outlined in 
the job sheets give direction to the skill toeing taught and allow both student and teacher to 
check student progress toward the accomplishment of the skill. Job sheets provide a ready 
outlihe for students to follow if' they have missed a demonstration. Job sheets also furnish 
potential employers with a picture of the skills being taught and the performances which 
might reasonably b^ expected from a person who has Had this training. 

Test and Evaluation 



Pa^lnpencil an ^performance tests hav& been constructed to measure student achieve- 
ment of each objective listed in the unit of Instruction. Individual test items may be pulled 
out and used as 3 short test tp determine student achievement of a particular objective, Thi^ 
kind of testing may be used as" a daily quiz and wilT h£lpthe teacher spot difficulties being 
encountered by students in their efforts to accomplish the unit objective. Test items for ob- 
jectives added by the teacher should be constructed and added to the test. 

* ✓ 

it 

Test Answers 

. - ' - \, " 1 

Jest answers are provided for each unit. These may be used by the teacher and/or 
student for checking student achievement of the objectives. 
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air Conditioning and regriger'ation rfboK iv 

INSTRUCTIONAL ANALYSIS 

'* . * ' 

Job Traihtng: What the Worker . Related Information: What 

Should B£ Able To Do 4 • . * , v the Worker Should Know 

(Psychomotor * '(Cognitive) *' y 

*. • ^ 

*~ , UNIT I: GAS FURNACES 

* - 1. Terms 

2, Types of gas fires furnaces and 
. - ■ • their applications 

y - 3. Components of a gas burner 

' assembly T , , 

* . f * ' "4. Typesof gas valVes and their™ 

characteristics 

' 5 t Components 'of ^ combination 

■ * / electric gas valve 

* 6, Characteristics of a heat 
v 4 exchanger 

7. Advancements in heat 
% exchanger technology . * - 

* * 8, Characteristics of a draft 

diverter 

9. Types of blower'assemblies 
* * * 

10, ' Components of a control 
.system 

■ ■ . c 

11, Functions of a transfor/rier 

12, Types of thegpfostatsaod their 
functlonsr/^7 * 

13, Limitswitch operatiqh 

14, Fan switch operation 

y <15, Combinatioh^fan limit switch 
operation* / 



16, 'Pilot light operation 

17, thermo^ouple^perati 



on 



AIR CONDITIONING AND REFRIGERATION BOOK IV 



INSTRUCTIONAL ANALYSIS 



Job Training: Wljat the Worker 
Shoulf) Be Able To Do 
$ (Psychomotor) 



4 Related Information: What 
the Worker Should Know 
(Cognitive) # \ . 

J8, Pilot safety operation 

^9, Potential sources of thermo* 
couple failure 



20, Potential sources of fan switch 
failure 



21 , Potential sources of 
transformer failure 

22, Potential sources of high limit 
switch failure 

23, Potential sources of gas valve 
failure 

—24, — Potent iatsourceiaf jao_relav 
trouble 

25, -Blower section failure and 
component sources 

26, Potential sources of heat 
exchanger failure 

27, Potential sources of pilot 
safety ^ 

£28, Factors needed to determine 
gas pipe sizing * * 

"29, Energy conservation devices 
designed for retrofitting 

30, Set back thermostats^md their 
uses 



31, Intermittent ignition systems 
and their uses ♦ 

32, Vent dampers and their uses 



XVI 



33*. Trace highland low voltage 
■ circuits of a,gas furnace 
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AIR CONDITIONING AND REFRIGERATION BOOK IV 
" V' : INSTRUCTIONAL ANALYSIS 



Job Training: What*the"Worker. 
Should Be Able To Do ^ 
(Psychomotor) 



Related Information: What 
the Worker Should Know 
(Cognitive) 

'34. Construct wiring diagrams for 
gas furnaces 

35. Size gas piping 



36. Install, sdtart, ancl adjust a gas, 
- furnace 

37/ Disassemble, inspect, ancl 
reassemble a g£s furnace 



S3\ 



>38v- Perform maintenance on a gas 
f gurnace 



39- Troubleshoot a gas furnace on a 
"no heat" complaint 

40. Install a retrofit package to 
replace a standing pilot with a 
cycling pilot # 



UNIT II: ELECTRICAL HEATING SYSTEMS 

1 . Terms 



6* Install, start, and check an 
'electrical heating unit 

7. Disassemble, inspect, and, 
reassemble an electric furnace 

8. Troubleshoot an electric furnace 

9* Perform maintenance on an 
electric furnace, 



r 



2. Types of electrical heating 
systems 

3* Differences in types of 
electrical heating systems 

4. Components of electrical 
heating systems 

5. Causes of common failures of 
electrical heating components 



"^CVII 
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AIR CONDITIONING AND REFRIGERATION BOOK IV 

\ 



INSTRUpTIONAL A-NALYSlS 



Jbb Training; What the Worker 
Should Be Able To Do 
(Psychomotor), 



Reteted Information. What \ 
the Worker Should Know 
(Cognitive) 



UNIT NONRESIDENTIAL COOLING SYSIEMS 

1 . Terms - 



f 



Trouble shoot an air conditioner 
condenser section on a "no.cooling" 
complaint 



15- Perforhxmaintenance on^Sir 
conditioner f 

16* Use a charging table to check the 
< charge in a capillary cooling system 



2. Mechanical components of an 
s * air conditioner 

3. Electrical components of an *■ 
air conditioner 

4. Processes in the cooling cycle 

5. How the cooling cycle is 
completed 

6. What happens with fan on 
continuous operation 

7. C9mpressor motor failures and 
ways they can be detected h 

8. Compressor failures and ways 
they can be detected 

9. Failures in condensing, sect ions, 
and their possible causes 

10. Functions of low side section 
components in an air 
conditioner . 

1 1 . Problems of low side sections 
and their causes 

* 

12. Steps in using a charging table 

13. Rule of thumb for working 
without a charging table 
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AIR CONDITIONING AND REFRIGERATION BOOK IV * 

* 

INSTRUCTIONAL ANALYSIS 

\ f 

Job Training: What the Worker Related Information: What 

Should Be Able To Do the Worker Should Know 

( Psychomotor) (Cognitive) 

N ' UNIT IV: HEA^UMP SYSTEMS - 

1. Terms 

fc * 2. Components of a heat*pamp 

3. Differences between the 

^operation of a 4-way reversing 
. ^^alve in the heating mode and > 
cooling rrtode 

■ , * ' fc 

v 4. Operation of a heat pump in 

the defrost mode 

" . 5. Components of a heat pump 

' . indpor section 

< 6. Characteristics, advantages, 

and disadvantages of heat 
pump systems 

\ ■ 

* 7. Differences between 

— * components of indoor sections 

v ' " ^ * of heat pumps and low side 

sections of air conditioners 

8. Common component failures 
of*heat pumps in the cooling 
mode ; 

9, Prbper Installation of $n 
electric Strip heater 

10. Special precautions for 
replacing reversing valves 

1 £ Major rules for good heat 
pump operation 

12, Trace operational circuits for a 
heat purrip in the cooling * 
mo<Je 

1 3, Tr3ce operational circuits for 
first stage heating in a heat 
puijip . * 



\ 
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'AIR CONDIJIONING AND REFRIGERATION BOOK (V 



INSTRUCTIONAL ANALYSIS 



Job Training; What the Worker 
Should Ete Able To Do 
(Psychomotor) 



}6. Wire a control system for a heat 
pump 

17, Troubleshoota heat pump indoor 
section in the cooling mode 

18. Perform maintenance on an indoor 
section of a heat pump in the 
cooling mode 

19, TrOutJIesKoot a heat pump on a 
**no cooling" complaint * . 

+ 

20. Troubieshoot a heat pump outdoor 
section on an "insufficient cooling 11 
complaint 

21* ^Perform maintenance on an out* 
door section of a heat pump in 
the<:ooling>node 

*22. Troubieshoot supplemental heat 
on a heat pump 

23, Perform maintenance on heat 
, pump supplemental heating 

24. Troubieshoot a heat pump on a 
"no heat" complaint when 
compressor will not run 

25, Troubieshoot a heat pump on a 
. "no heat'* complaint when 

compressor runs but cycles on 
compressor overload 

26. Troubieshoot a heat pump on an 
^"insufficient heat" complaint when 

compressor will run 



Related lnformation:*What 
. the Worker Should Know 
(Cognitive) 

14. Trace operational circuits for a 
heat pump in the defrost 
mode 

15* Trace operational circuits for 
^ second stage supplementary 
heat in a heat pump 



\ 
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AIR CONDITIONING AND REFRIGERATION BOOK IV 

INSTRUCTIONAL ANALYSfS 

Job Training: What the Worker Related Information; What 

Should Be Ab^To Do the Worker Should Know 

(Psychomotor) * -(Cognitive) 

* 

* 

\ UNITV: BALANCE POINTS £ 

1, Terr«? ■ * 

* p 

2, COP of a direct electrical 

* heating element and the COP 
of a heat pump 

t ' 3, * COP of a heat pump at gjyen 

design conditions 

^ * * 4, Balance points and their 

■ m .relation to COP 

5, Balance points and typical 
stages in heating continuity 

- 6. ' Factors* needed to plot balence 

points 

,/ 7, Heat.pump performance curve 

B, Plot balancfe poinj #1 from 
' * • given design conditions 

4 " 

o„ # 9. Plot additionaf balance points 
* • * from given design conditions s 

10, Procedure for sizing a heat 
pump on the cooling load 

1 1 1 Advantages of controlled 
heating stages * 

s 

* ± 12, Installation considerations 

related to heat pump 
performance 

t r j 

13. Size a heat p ump on the 

— ^ — ; — — : — - : CTOling roac 



* 14. Plo^balence points for a heat 
punrf* at givjen design 
/ K - conditions / 

i5. Locate equipment to obtain 
maximum COP from a heat 
z " pump 



IS 



XXI 



AIR CONDITIONING ANb REFRIGERATION BOOK IV . 



INSTRUCTIONAL ANALYSIS 



Job Training: What the, Worker 
Should Be Able To Do 
(Psychomotor) 



Related Information: What 
the Worker Should Know 
(Cognitive) ■ . 



UNITVI: HYDRONICS 




1^ Terms 

2,. Basic types of hydronic 
systems 

3, Classificationsof hydronic 
systems with their tempera- 
ture-pressure characteristics 

4, Common types of hydronic 
system designs 

5, Hydronicsystem designs and 
their' advantages and 
disadvantages 

6, Design water temperature 

* 7, Terminal units and design 
water temperature drop 

8- Design w£ter flow r£tfes_^ 
through circuits 

9. Flow rates through terminal 
uqits and tubing sizes 

10, Placement of terminal units 

3 1 , Terminal units, their 
characteristics and uses 

1 



sizing of terminal units 

1 3, Fuels, ratings, and selection of 
boilers . 

14, Advantages and disadvantages 
h of types of residential 

expansion tanks 



xxn 
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AIR CONDITIONING AND REFRIGERATION BOOK IV 
INSTRUCTIONAL ANALYSIS 



Job Training: What the Worker 
Should Be Able To Do 
(Psychomotor) " , 



\ 



Related Information: What 
the Worker Shquld Knoto 
(Cognitive) 

15 + Steps in the selection of 
residential expansion tanks 

Types, designs, and sizing of 
residential pumps 

1l Factors in the selection of ] 
residential pumps 

18. Steps in selection of 
residential pumps 

19 + Factors affecting pipe sizing 



20. Procedure for selection of pipe 
sizes 

2.1 . Hydronic specialities, their 
characteristics and uses 

22 + S^eps irv designing a hydronic 
system 

23. ^Lay out a series loop single 

circuit hydronic system with 
boiler located under floor of ♦ 
dining rdtom 

* 

24. Select boiler and expansion 
tank 

25 + Make atrial selection of pump 
+ and select pipe size for series 
Ibop system 
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.AIR CONDITIONING AND REFRIGERATION BOOK IV 
TOOLS AND EQUIPMENT LIST 




t Hammer 
Aviation snips 
Scratch .awl „ 

^Screwdrivers > t ' . . t 

Nu$ drivers- * ! 

Electric drill and bits 

Service technician's tool pouch ; 
Flashlight 

Oil can with #10 oil 

Volt- ohm-am meter % ' , 

Millivottjnpter * *\ 

Manometer , ^ 

Combustion testfkit 

Thermometer ( % 

- Refrigeration, thermometer or thermometer feeler bulb 

Suction or compound gauge < 

Gau^e manifold . * 

Inspection mirror with swivel attachment'on 12" handle 
r Shop rags 

Gloves 1 ^ 

Ducttapj^ ^ 
Metal screws 

Gas furnace as selected by instructor 

Gas furnace with standing pilot as selected by instructor 

Cycling pilot retrofit package as selected by instructor 

Cooling system as selected by instructor 

Electricalheattng system as selected by instructor 4 

Heat* pump trainer or heat pump system as Selected by instructor^^y 
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GAS FURNACES 
UNIT I 



UNIT OBJECTIVE 



^After completion of this unit, the student should be able ,to identify types of gas furnaces 
and problems associated with their components, and list energy saving devices used in * 
retrofitting. The student should also be able to install, service, and maintain a residential gas ✓ 
furnace. This knowledge wilUJe evidenced by correctly perforrning^the procedures outlined 
in the assignment and jobs sheetsiand by scorin^85 percent on 'the uait test, a, 

• . w- . 1 

*l * ♦ SPECIFIC OBJECTIVES, * 



After completion of this unjt, the student should be able to < 

1/ Match terr^refated^ to g^Jtfrnarces with their corr^^dejinitiofis, 
2, Match types of gas furnaces with, their applications. 



3, , tdentify.components of a gas burner assembly, - *> 
'4, Match types of gas valves with their characteristics, 

5, Identify components of a combination electric gas valve, 

' - i- ' - - • ■ r 

6, Select true statements concerning the characteristics of a heat exotenger, 

^ 7, Setec* true statem^ffljs concerning advancements in -heat exchanger 'technology, 
,„8, Select "true statements 'concerning the characteristics o£a draft diverter. 



9, Identify types of blower assemblies, 

10, Complete a list of components of ? control system* 

1 1 , Describe the functions of a transformer, , 
' ■ " ' • * f 

1 2, Match types of thermostats with their functions, - * 

13, / Select true statements concerning limit switch operation, 
* * t » • 

T^terrts concerning tan swItcJToperatTorL 



1 5, 'Select true statements concerning combination fan-limit switch operation, 

1 6, Describe pilot light operation, 

17, Describe thermocouple operation, 

18, Describe pilot safety operation* 
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19. ke\ecl true statements concerning potential sources. of thermocouple failure, 

20. Complete a hst of potential soyrces,Qf fan switch failure. 1 
*21. ^Complete a list of 'potential sources of transformer failure. , 

22- Select true statements concerning potential souSbesof high limit switch-failure. 
23: Differentiate between two potential sources of ga% valve failure. * * t 
24. , Select true statements concerning potentfal souses of fan relay failure, r 

* ; * 

25. Match potential blower section failure with component sources. 
* * 

26. ' Differentiate between two potential sources of heat exchanger failure, 

27* Select true statements concerning potential sources of pilot safety failure. 

* * 

28. Complete h Jist of factors needed to determine gaspip,e sizing. 

29. Complete a list of energy saving devices designed for retrofitting. 

30. Select tru'e statements concerning sefoack thermostats and their uses. 

31. Select true statements concerning intermittent ignition systems^nd their uses. 

32. Select true statements concerning vent dampers and their uses. 

33. Trace the high voltage and low voltage ciruits of a gas furnace. 

34. Construct wiring diagrams for gas furnaces. . • 

35. Size gas piping. . 

36. Demonstrate the ability to: 

a* Install, start, and Adjust a gas,furnace. 

b. Disassemble, inspect, and reassemble a gas furnace. y 

c. Perform maintenance on a gas furnace, 
d Ixouhieshoot a gas furnace on a "no heat" complaint. 



e. Install a retrofit package to replace a standing pilot with a cycling pilot. 



% 
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"SUGGESTED ACTIVITIES 



I. . Provide student with objective sheet. • * ■ 

M. Provide student w,ith information, assignment, and job sheets. 
UK' Make transparencies. * 
IV- ' Discuss unit and^pecific objectives, 
y. Discuss information and assignment sheets, 
" VI. Discuss and demonstrate the procedures outlined in the job sheets. 

m 

VII. Show the class examples of ladder diagrams for gas furnace winng circuits and 
explain the symbols used to denote specific components that are needed for the 
assignment sheets, 

VI IK Invite a factory representative or a local contractor to talk to the class concerning 
new techniques in furPace and component construction and their relation to 
* energy conservation. 

* ■ * 

(X. Invite the local building inspector to discuss construction codes and other regula- 
tions concerning furnace installation and service; be sure to ask about codes 
concerning vent damper retrofits. - 

X. Invite a local or area contractor who works with solar heating applications to talk 
to the class concerning areg activities in complete or passive solar heating systefhs. 

XL Give test. 

INSTRUCTIONAL MATERIALS 



/ 



Included in this unit: " 

%C Objective sheet 
* * 

B, Information sheet * 

C. Transparency masters 

1. TM 1-*Upflow.Gas Furnace 

2. TM 2-Cbunterflow Gas/Furnace 

3. TM:3"Horizontal Gas Furnace 

4. TM 4- Lowboy or Basemen t*Gas Furnace 
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5. TM 5~Cornponents of a Gas Burner Assembly 

6. TM 6- -Components of a Connbination Electric Gas Valve ' 
' X TM 7^-Gas Furnace HeatExchanger . 

8. * TM 8-Amana Heat. Transfer Module IHTM®} . *< 
9* TM 9--Types of Blowers 

D, Assignment sheets tt 

1. Assignment Sheet #1-Trace.the High Voltage and Low Voltage Circuits 
of a Gas Fjjrnace 

2/ Assignment Sheet #2--Construct ,Wiring^Diagrams for Gas Furnaces 
3. AssignmSnt Sheet #3--Size Gas Piping 

E, Job sheets ' " . "* 

Job Sheet #1- Install, Start, and Adjust a Gas Furnace- 

2. Job Sheet #2-*Disassemble, Inspect, and Reassemble a „Gas Furnace 

3. Job Sheet #3-*Perform Maintenance on a Gas Furnacer ■ 

4. Job Sheet #4--Troubleshoot a Qas Furnace on a "No Hefct" ComplaHi} 

y ^ 

5. Job Sheet #5- Install a Retrofit Package to Replace a Standing Pilot 
with a Cycling Pilot 

F, Test * ' ; 



■Y 



II. 



G. Answers to test , 

> 

References , * 

A. Althouse, Andre\AT"D„ .and 'Carl H. Turnquist and Alfred F, Bracciano, 
Modem Refrigeration and Air Conditioning, South Holland, IL: The Good- 
Heart-Willcoj Company, lnc.,*1975. 

& -Lang, Paul -V, Principles of Air Conditioning, Albany, *NY 12505: Delmar 
Publishers, 1972. ^ 
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Terms and definition^ 

} • " 

A Gas pressure regulator-A device for adjusting gas line pressure to the pres- 
sure specified by the appliance manufacturer 

B. Pilot safety control-An electric switch which prevents a gas valve from 
opening unless a pilot light is prfeserit * A - - 

C. Solenoid va!ve-An electrical device that controls the flow of gas; can be 
millivolt, 24V, or 1 15V depending on application 

V . . 

(NOTE: A solenoid valve is normally closed and opens when the circuit 
is completed.) * ^ 

D. Orifice inserts- Plugs threaded into gas burner manifolds; their small, pre- 
cisely drilled holes meter precise amounts of gas to individual burners 

E. Primary shutter-An adjustable opening on a gas burner which mkte/s the 
• amount of air to mix with the gas in order to produce a proper flame 

F. Pilot runner (crossover igniter)~A sm^ll opening in a gas"burner which divert? 
a small amount of gas to the vicinity of the pilot flame to assist in a quick, 
even lighting of all burner^ in a gas furnace 

G. > Thermocouple- Serves as a safety device on gas furnaces to cut off the 

gas supply in the event oflossof flame in the pilot light 

* . 
H< Fan relay-An electrical device in a furnace blower assem*j|y that energizes 
the blower from a remot§ location 

U Bonnet-An air collection chamber 

J- Gas valve-AQ^Iectrically operated valve t^iat controls the flow of gas 

Retrofit-To remodel or repair; in air conditioning and refrigeration it 
generally means replacing older system components with new components 
that conserve energy • * . 

Typ6s of gas furnaces and their applications - , 

A> J^pflow-lnstalled where headroom is not a problem (Transparency 1)' 

J- 4 -i. 

♦ * 

(NOTE; When installed in closets, upflow furnaces require special clearances 
from combU^tibte materials.) , * % 
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B. Counterflow-lnstalled where basement or crawl space cannot be used, 
and supply ducts are located under the floor (Transparency 2) 

i 

{NOTE: When a counterftow furnace is installed on a combustible floor, 
it requires ^ special supply adapter.) 

, -\ - 

C. "Horizontal-Installed in crawl space organic where headroom is limited 
^Transparency 3) * 

(NQTE: Heat exchangers in horizontal furnaces are subjected to greater 
stress than heat exchangers in other furnace types.) 

D. Outdoor-Installed outside and ducted into the house * 

(NOTE: v Because these units are usually a combination furnace-air condi- 
tioner, they are calfed "package units/ and they are usually vented by a 
draft inducer instead of gravity.) , - ^ ^ 

4> 

E. Lowboy- Installed in basements where headroom is limited (Transparency 

' 4 > . , 

(NOTE:. Lowboy furnaces have horizontal heat exchangers.) x 

F. Gravity-Installed in basements, and frequently used to convert mirnaces 
from coal to gas operation . / 

(NOTE: Supply ducts in a gravity type furnace should be installed as nearly 
vertical as possible and all ducts should be as large as-potfsible because gravity 
systems have no blowers.) 

Components of a gas burner assembly (Transparency 5) 

Tjas vaTve"^ instantaneous', slow opening, or combination electrfc) 

, B. Pilot burnergassupply 

C. Burner manifold with orifice inserts 

D. Primary air shutte^ancl locking screw 

E. Ribbon, slot, -or jet burner ports 

F. Pilot runner or crossover igniters " 

G. Pilot burner and thermocouple assembly 

K Tap for manometer usain adjusting gas pressure * 
j Types of electric' gas valves and their characteristics 
At Instantaneous-Opens instantly when energized 

B. Slow opjening-Opens after a lapse of one to thirty seconds when ener- 
gized " 

, t . 
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>^ Combination- Com bines other gas burner assembly components such as 
pressure regulator, pilot gas valve, and pilot safety * 

V, Components of a combination electric gas valve (Transparency .6) 

A. Pilot shut off valve * N * 

B. Main gas line shut off 

C- Pilot gas adjustment \ 4, 

D. Gas pressure regulator adjustment 

E. Pilot gas connection 4 

F. Thermocouple conhection (with built'in electromagnetic pilot safety control) 

G. Electrical terminals to control circuit 

VL Characteristics of a heat exchanger (Transparency 7} 

A. Constructed to provide efficient heat transfer from flames to room $if 
whjle keeping flue gases separate from room air 

B. Composed of units called "clamshells" ' ^ 

C. Each clamshell designed to transfer a specific amount of heat per>hour 
of operation < - 

D. Each clamshell has one burner * * 

VI L Advancements in heat exchanger technology (Transparency 8) * 

A* Advanced heat exchangers operate with power combustion, intermittent 
ignition system that eliminates the need for a standing pilot 

B. Advanced heat exchangers eliminate "up the flue 11 heat losses 
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.1 Advanced heat exchangers -eliminate "off cycle" heat losses common with 
conventional gas furnaces and do not add heat to the air conditioning 



load 

Example; 



The > Amana EPCG series systems has ^heat transfer module 
(the HTM is a registered trademark of Amana) which utilizes 
a system liquid for rapid heat "transfer. The Angana HTM has 
a stainless steel burner which through more than 19,000 tiny 
flames emits super-heated gas which then p£ses through 
hundred? of steel fins. The heat is then transferred through- 
tubes embedded in the fins as a water-ethylene glycol solu* 
tion is pumped through the tubes. This system Mquid leaves 
the embedded tubes at about 180*F and is carried through 
the coppec tubing loops of the indoor coil. When th^coil 
reaches a temperature of 124T, the indoor blower auto- 
matically starts moving air through the coil to provide heat to 
the conditioned space. Amana reports ftfel utilization effic- 
iencies of up to 86%, or up to 33% better than standard gas 
furnaces with pilot lights. ; * * 

(NOTE: The .example given is* not intended* to endorse 
product; it w^s^elected because it demonstrates significant 
a*dvancemenfin heat exchanger technology.) , 



, VI It, ^ Characteristics of a draft diverter 

A. Constructed to, collect flue biases frbm^wpfSer opening of heat exchanger 
i " and funnef them into the vent withot/rjjulling excess air over the flames 

B. Constructed to be open to the atmosphere 

C. Induces unheated air into vent pipe to reduce temperature of flue gases 

j 

D. Prevents wind that enters the vent pipe from blowing out the pilot 
IX. Types of blower assemblies {Transparency 9) 

A, Direct drive 

1. Approximately 1050 rpm on high speed 

2. Supported by motor shaft h * 

3. Variable speed requires a multi-speed motor 

B. Belt drive 

1 . Motor is usually 1 725 rpm ' ^ 

J 

2. Blower wheel is supported by shaft and bearings * , 
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3, Variable speed is obtained by varying t^e setting of a split pulley 

(NOTE: Blower assemblies' are constructed to pulL air through the 
return air ducts and filter, and push air through the heat exchan- 
ger and supply ducts; they require careful adjustment to produce, 
enough volume and velocity to maintain comfort at design' condi- 
tions,) t 

Components of a control system ( 

A, Transformer t . 

B, Thermostat ' . * 

C, Electric gas valve 

D, Limit switch „ 

E, Fan switch t * ; 

F, Combination fan-limit switch ' 

G, Pilot light * 

K Thermocouple % ^ 

I, Pilot safety * 

Functions of a transformer * * * 

A. Reduces supply voltage to 24 volts 

8. Furnishes power for control circuit * ' ?/ 

Types of thermostats and their functions -<\ ^ 
A] ^pat only thermostats 

1. Consist of one swftch which closes on a drop in temperature 

2. Have only a heat anticipator 
\ 

3. May have a set back energy conservation feature - \ 

Heat and cool thermostats ^ 

1 T Temperature opfe(ated heating switch closes on drop in room tempera- 
ture 

2, Terpperature operated cooling switch closes on 1 increase in room temp- 
erature 
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3. Manually operated fan switch closes circuit to faa relay 

4. Have both heating and cooling anticipators 

5. May have a set back energy conservation feature 
XI I L Limit switch operation 

A. Opens on temperature rise 

B. Senses bonnet temperature 

C. Set at 180 to 200 degrees 

D. ^ Interrupts circuit to gas valve or transformer 
j E. May be separate or combined with fan switch 

F, designed to shut off gas supply t<* burners if furnace overheats 

G. In some models will bypass fan switch to bring on blower while furnace 
is overheated ; ' 

XIV, • Fan switch operation 

A. Closes on temperature rise ^ ^ * 

B. Senses bonnet temperature 

C- ■ Adjustable "on" switch approximately 100 to 180 degrees' 4 

D. Adjustable "off" switch approximately 20 to 80 degrees cooler than f, on fl 
switch t 

(NOTE: Some manufacturers use an electric fan switch with time delay 
to permit furnace to heat before closing blower circuit; this switch does not 
sense f u mace bon net tempera tu re. } 

E. All types of fan switches for gas furnacesrSre designed to close supply circuit 
to blower motor when furnace is hot * * 

F. May be combined with limit switch 

XV. ^ Combination fan-limit switch operation 

A. Combines complete set of fan switches 

B. Contains pre-set high limit syvitch 

1 , May controj gas valve on 24 volts 
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2, May control transformer supply circuit on house current of 115 volts 

(CAUTION: Combination fan-limit switches, are frequently converted 
^pm 1 15 volt to 24 volt operation and vice versa "through the high limit 
switch; this must be recognized during service work to prevent destruc- 
tion of the gas valve) 

XVL Pilot light operation 4 ^ — <^ > 

A. Small flame lights main bu^plvhen gas valve opens 

B. Furnishes heat to thermocouple tip 

XVI I. Thermocouple operation^ t ^ 

A, Converts heat from pilot into an electric current which 
controls the'pilot safety 

B. Connects electrically,to pilot safety t 
XvJII. Pilot safety operation 

A, Opens control circuit togasualve * n ©vent pilot light fails * 

B* May be incorporated into combination gas valve or installed as a separate 
■xdeyice 



XIX. Potential sources of thermocouple failure 

A. May fait to generate enough voltage to hold open the gas valve or pilot safety 

i 

. * B. Tip may be burned out because pilot flame is too hot ' ! *- * 

C. May not be getting enough heat from pilot flame 

1. Not properly p^siti^ned in pilot flame r 

2. Soot build up insulates thermocouple z- 

XX. Potential sources of fan switch failure 

A. Contacts stick together making fan run all the time 

B. Fan switch temperature setting becomes unreliable causing' fan to come 
on too so6n or too late 

INOTE^I n attic installations, the fan will come on in the summer if attii? 
temperature rises above fan switch set point.) 
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XXL Potential sources of transformer failure 

A. May burn out either in the primary or secondary windings 

B. Usualfr fails for no apparent reason ^ 
XXI L - Potential purees of high limit switch failure 

A. Normally closed switch that is faulty will not open in presence of unsafe 
temperature 

B. Usually very reliable, but might be prevented from ^operating 

* ^because of external causes ■ c 

1 . Switch cover jammed against movingplate - 

2. Wires touching because of burned insulation 

XXI II. Potential sources of gas valve failure, 
j 

i A. Usually fails because it will not open 

B. Rarely fails because it will not close 

XXIV, Potential sources of fan relay failure , * v 
A. Contacts stick together causing blower to run all the tirtie 

- B. Fails to close when 24 volts is applied 

C. Co/itacts fail to close fan circuit , + 
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XXV. Potential blower section failure and component sources 
Blower motors 

1- Bearing seizure because of improper oiling 
-*2. Burned out or shorted mojor windings t ^ 

Blower bearings' 
, 1 . Destroyed because of improper oiling^ 

2. Destroyed because of exCessWe belt tension * - 
Blower belts - \ - 

1. Cracked, frayed, or broken 1 
Z. Too loose, 

3. Too tight 

34 
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D. Aluminum split pulteys-Can seize to motor shaft and cannot be pulled 
off without destruction 

E. Blower wheels out of balance 

1. ^Balance wejght h^s come off . 
*** * 

2. Can only^be rebalanced at the factory 

F. Blower wheel- Running backwards because of improper replacement ' 

G. Blowerspeed ' , 

1 . Creates excessive noise 

2. Causes temperature stratification resulting in cold spots and hot spots 
. in the room T 

3. Drawing too much current and blowing ftjses ± 

4. Providing inadequate cooling aft£r air conditioning has been added 

{NOTE: This condition usually has to be corrected by replacing motor 
with a higher horsepower motor, to facilitate the demand for added air 
volume.) 

XXVI. Potential sources of heat exchanger failure 
A. Soot build up between clamshells 

1. Usually identified by flames spilling out front of furnace 

2, Flames frequently -cause extensive damage to wires and electrical/ 
components - . 

> ' ' 3. /Requires tearing down furnace and cleaning between clamshells with 
wire apd vacuum cleaner N-^ 



(NOTE: A vacuum cleaner hose fitted ^ith a soft copper tube is a 
handy tool to pick uproot and rust.) 



B. Cracked heat exchanger 

■ • ~ ~\ 

1. Starts as hairline crdcks in sharper bends at bottom of clam- 
shells >' . ? 

2. Cracks open wider in presence of heat from burner flames and 
create a potential ha^rd for occupants 



j 
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3. Should be suspected when customer complains of pilot light blowing 

out " ' 
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4. Identified by visuallnspectio'n with flashlight and smalt mirror 

(NOTE: It is frequently necessary to pull the burner assembly and 
blower assembly t<j properly examine a heat exchanger,)* 

•XXVII. Potential sources of pilot safety failure „ a * 

Usually evidenced by failure to open gas valve after replacement of thermos 

COUf 

B. Kills' pfower to gas valve unless operating properly wi|h adequaj%>]therrno- 
couple vqltage 

C. v On furnaces without 100% shut-off gas valves ^ , , 
XXVIII. Factofs needed to determine gas pipe sizing 

<• 

A. Specific gravity and Btu ,per cubic! foot heating value of gas supply 

B. Btuh rating Qf gas oqtlet ^ - / . 

{NOTE: This information "is either on the rating plate or in manufacturer's 

specifications.) , , * 

t 

C. Distance from the gas meter to the appliance outlet - B 

D. Maximum capacity of pjjte' related to cubic ,feet of gas per hour (Figure 

1) * - f 



r . 
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Maximum Capacity of Pipe in Cubic Feet of Gas per Hour 
(Based upon a Pressure Drop of 0.3 Inch Water Column 
and 0.6 Specific Gravity Gas) 



FIGURE 1 



Length 








Nominal Iron Pipe Size, Inches 






in h 
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3,300 
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3,25.0 


6,800 


70 


. 46 
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4,500 


• 150 


31 


- 64 


120 


250 


380 


710 


1,130 
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1,850 


3JBO0* ^ 
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26 


55 
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210* 
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* 610 


980 


* 1,700 
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Example: To determine the required pipe size of each section an* outlet in 
the piping system in Figure 2 f assume theaas to be used has a 
specific gravity of 0.65 and a heating valueof 1,000 Btu per cubic 
foot. 

To select the right pipe size for each section and appliance outlet, 
■begin by/ dividing the Btuh rating for each output by the Btu 
rating of the gas supply to get the cfh ^cubic feet per hour) each 
appliance will consume when operating. This means the water 
heater at outlet A would have a cfh of 30 (30,000 divided by 
1,000); outlet B would be 3 cfh, outlet C, 75 cfh; and outlet D, 
136 cfh. 



To properly size the total system, start with the outlet with the 
largest cfh, the furnace at outlet D\ Since it will require 50 feet of 
pipe large enough to supply 136 cfh, refer to the table in Figure 1. 
Undel^the "Length in Feet" column find 50, then cross the table 
until the proper pipe size is found. %l2 u will not handle/the cfh, 
3/4" will not handle it, so outlet D requires 1" pipe- By contin- 
uing with the otrtlet that requires the next highest cfh, each outlet 
and each section can be easily sized. Section 3 requires 1" pipe, 
section 2 requires 3/4" pipe, and section 1 requires 1/2" pipe. 
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Furnace 

Outlet D 136,000 BTU Per >., r . 
\ 



FIGURE 2 



Section 3 

-^r " 

10' ^ 



Gas Meter 



20' 




> 20' 



OutleT* 30-Gal. Automatic 

Water Heater ^ * 
30.000 BTU Per Hr. 



Section 2 Section 1* 
10' 10' 



V 



Outlet C v 



1 

let B V 



> 10'. 



5' 



Outlet B Gas Refrigerator 



M5' 



3,000 BTU 



erator / 



Range , , 

75,000 Btu Per Hr. 



FIGURE 2 
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XXIX. Energy conservation devices designed for retrofitting 
A. Set back thermostats* 

z B* -Intermittent ignition systems 

C- Vent dampers " ' ^ 

XXX. Set back thermostats * 

A. Designed to let structure drop to a lower room temperature at night 
&< Reduces heat loss because of lower temperature different^ 

C. Reduces fuel consumption because of reduced heat loss 

D. Can be manually operated by occupant upon retiring or getting up 
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E. Can b* fully automated With cloek, operation providing manual override 
on weekends 



(NOTE: Modern clock thermostats give set back temperature night and 
day if desired, and they also permit a structure to drift to a higher tempera- 
- ; ture to help reduce heat gain in sum mer. ) ^ / 

XXXI. Intermittent ignition systems and their uses 

A. Eliminates cost of fuel to pilot flame * 

B. Can operate from a direct spark ignition, proven-pilot ignition, or cycling* 
pilot ignition 

(NOTE: Refer to Job Sheet #5 for illustrations of a cycling-pilot ignition.) 

C. Qood proven-pilot or cycling-pilot systems afe built with a "rerfindant" 
safety system which requires that the pilot light be proven with an electric or 
an electromechanical sensor before gas will flow m the main burners 

D. Are being incorporated into many new furnace designs 

(CAUTION: Applications for intermittent ignition systems are different 
for natural and LP *gas> manufacturer's installation specifications should be 
followed carefully on retrofit applications, and it is sometimes-ci^cessary to 
contact the furnace manufacturer to make sure the furnace can be retro- 
* fitted with the intermittent system.) 

XXXI U Vent dampers and their uses 

A- Are designed to stay open while burner is operating in order to vent combus- 
tion gases (Figure 3) 
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Are relatively "easy to install* but should only be installed by .a licensed 
contractor „ 



(CAUTION; Went dampers can be both health and fire hazards if they 
fail to open when the furnace is operating^ and some furnace warranties 
are voided if vent damperS'are aclded; always check ^warranties to be safe, and 
always check local codes for -regulations governing tfent damper retrofit 
applications.) 

Some manufacturers are building furnaces with control wiring installed 
for adding a vent damper * j . h 




Upflow Gas Furnace 




Typical Applications 




Basement Installation 
With Cooling Coil, 
Electronic Air Cleaner and Humidifier.' 



Basement Installation With (1 1 

Cooling Coil, Return Air ^ 

Cabinet 1 and Power m 
Humidifier" ^ 



\ 



Closet Installation 
With Cooling / Coil 
and Electronic Air 
Cleaner . 




• * 

(Courtesy of Lennox Industries Inc., Dallas, Texas) *• 



\ 



ACR IV -21 



Counterflow Gas Furnace 






J®) 






















-is 








JTypical Application 




Utility Room Installation With 
Cooling Coil, Electronic Air 
Cleaner and Humidifier 



Closet Installation With 
Cooling Qoil and Humidifier 



(Courtesy of Lennox Industries fnCyDallas,TVcas} 
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Horizontal Gas Furnace 



ACR IV - 23 





Typical Applications 




Basement Installation 
With Cooling Coil_ 



Crawl Space Installation 
With Cooling Coil t. - 
Electronic^Air Cleaner and 
Automatic Humidifier 



Attic Installation With 
Cooling Coil, Electronic 
Air Cleaner and Automatic 
Humidifier 




(Courtesy of Lennox Industries Irfc., Dallas, Texas) 
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Lowboy or Basement Gas Furnace 




X 




Typical Applications 




n ■ , ^ „ x . # Basement Installation 

Basement Installation ■ 

With Cooling Coil and Humidifier Wrtn Cooling J3oiLj_ 

, Humidifier, Heturn Air 

* _ * Cabinet And Electronic 

Air Cleaner * . 



(Courtesy of Lennox Industries Inc., Dallas, Texas) 



Components of a Gas Burner Assembly 

Gas Valve (lnstantaneous,Slow Opening, 




r 



Components of a Combination Electric Gas Valve 



•v. 



Pilot Shut Off Valve 
Main Gas Line Shut Off u 

Thermocouple 
Connection 

Pilot Gas 
Connection 




Gas Pressure 
Regulator Adjustment 



Electrical Terminals 



Pilot Gas 
Adjustment 



(Courtesy PrenJice-Hail^lncJ 



Gas Ffimace Heat Exchanger 





mm 

mm 



Clamshells 




£ach Clamshell 
Has One Burner 
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{Courtesy of Lennox Industries Inc., Dallas, Texas} 
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Amana Heat Transfer Module (HTNP) 



Solution Carrying Tubes 



Temperature Sensor 




eavy Gauge -Steel Fins 



Ignitor 



Enrichment Orifice 
Enrichment Gas Line 



Flame Probe 



Gas Air Train 



(Courtesy Amana} 
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Types of Blowers 




Belt Drive 



Direct 



(Courtesy of Lennox Industries Inc., Dallas, Texas) 
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GAS FURNACES 
UNIT I 

ASSIGNMENT SHEET #1--TRACE THE HIGH VOLTAGE AND . 
LOW VOLTAGE CIRCUITS OF A GAS FURNACE ( 



A Use a dark colored pencil on the following schematic to trace the.htgh vol*tjig"efcircuit 
while the thermostat calls forheat. - - 



HOT O A 



) GROUND 



1 1 5-1-60 POWEft SUPPLY 
FROM FUSED DISCONNECT SWITCH 



FAN ftELAY 



FAN SWiTCH 

£ — r 



F*AN RELAY T ,1 

. -b£-o— | J— HD ^F** * 

TRANSFORMER 

JOULr 





tt 

13 
M 

15 
16 
17 s 



19 
20 



JUMPER 
S_YST5M 
OOL 



OFF 



. HEAT m 



X 



O 



I r^J\ A A-^W * 



FAN 
OH 



AUTO 



HA 



GAS 
| VALVE 
M » 




\ I TO ' ' * 

iO\ \ j CONDENSING _ , 

\. | SECTION ' 



CONTROLS I 



LIMIT 
SWITCH 



M^jo^Ot CTp Cr£t) if 



AUXILIARY 
LIMIT 
SWITCH 



FAN RELAY 



thermostat 025-15330 
note: cooling circuit dotted in. 



X*) 1 



^5 
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ASSIGNMENT SHEET #1 



B. Use a dark colored pencil on the following 1 schenjtic to trace the low voltage circuit 
while ,the thermostat calls fdr heat/ - * ^ 



HOT O , 



OGROUNO 



1 1 5- 1-60 POWER SUPPLY 
FROM^FUSED DISCONNECT S^WITCH 



FAN RELAY 



FAN RELAY 



P*N SWtTCH 

^-<S£ — r 
r 



^bloWef 

l MOTOR i 



TRANSFORMER 




TO 



/A 1 CONOCN%<3 ,| 

i SECTJOW* * * 



<3AS 
| VALV? 



CONTROLS 1 
>N I * 



LIMIT 
SWITCH 



thermostat 025-15130 
note; cooling circuit dotted in. 



AUXILIARY 
LIMIT 
SWITCH 



FAN RELAY 



r 



0k— '*» 



J- 




'V* 
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ASSIGNMENT SHEET #2-C0NSTRUCTWIRING DIAGRAMS FOR GAS FURNACES 



Directions: Draw lines representing wires' connecting electrical components of a gas furnace 



in the following conditions 
* A. ' Heating Only" furnac6 with 24V high limit 



( 



• * 



115 V 



115 V 




t • 






24 V, 






\ , /1 24V 




p s m Gas 


) x*( 


' \ valve 







} - 



B. "Heating Only" furnace with 1T5V high limit 



1.15V 




. 115V . 
24V 



•"I Motor f* ( 



1 







GAS FlfftNACES 
- * UMITI 



ASSIGNMENT SHEET #3--SIZE GAS PIPING 




Directions: Assuming a situation where a ga$ supply has a specific gravity of 0.65 and. a 
heating value of 1,000 Btu per cubic foot, size the gas piping required for appliance outlets 
inihe following diagram. 

(NOTE: Use the table m Figure 1, Objective XXVI II.) 



'} 



'7 

10 1 



1 



40' 



4 6" 



J*/~\*~ Gas 



Water Heater 
000 Btuh 

■H" Gas Furnace 
150.000 Btuh 



J 



A. Pipe size frgm meter to furnace should be_ 



B. • Pipe size from furnace to water heater should be 



C> Indicate procedure used for each calculation 



•4 
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GAS FURNACES 
UNIT 1 



ANSWERS TO ASSIGNMENT SHEETS 



Assignment Sheet #1 



ACR IV -43 



a. 




t a A ssrO'ME ft 

— 4MM±r 




7 



1 ' r " " TO ~" J * 

TV h CONDENSING ' __ ^ _^ 

1 " TOOLS I 



L!Mi1\ * 



flMOsT A T IV 1 
1 

NOft ' 00\ IN{> tIRCUl r DOTTCO im 



.01 Vf jt Si. 




Assignment Sheet #2 
a. 

115 V 



1 IStV 



~*1 Motor j* 




J Switch m- 



115 V ♦ 
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Assignment Sheet #3 



a. 
b. 

c. 



1/2" 



For furnace: 150,000 Btuh = 150 cfhJor-50' = 1" pipe 
1,000 Btu 

For water heater: 50,000 Btuh = 50 cfh for 8' = 1/2" pipe 
1,000 Btu ♦ 



G2 



ACR IV: 47 



GAS FURNACES 
UNIT I 



JOB SHEET #1 -INSTALL, START, AND ADJUST A GAS FURNACE 




/ 



Tools and equipment: - 

A, Hammer 

B, Aviation snips 

C, Electric drill 

Service technician's tool pouch 

E. Volt-ohm -^m meter _ , 

F. Manometer 

G. Combustion test kit 

H. Gas furrxace as selected by instructor - / 
Procedure: 

A. Remove crating from around furnace 



F. 

G. 



B. Set furnace in location 

V 

C. ' Adapt and fasten plenum to top of furnace cabinet 

s D. Adapt and fasten return air ducts to furnace cabinet 
E, Install gas flex connection togas main behind main gas cock 
Attach gas flex connection to gas supply port on furnac^ 
Connect low voltage thermostat wires to proper terminals on furnace j 
K Set thermostat and connect 

I 

I- Connect power supply cord to proper terminals on furnace electrical system' 
J: Adapt and connect vent piping i 

m 

K< Provide proper combustion ak supply 
L Turn on ga^cock, check and bleed lines 
M. Light pilot ^ 
N, Place thermostat in "OFF" position 



ERIC 
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JOB SHEET #1 



0- Connect power supply 

Pt Set thermostat calling and observe lighting of main burner 
Check and adjust furnace combustion if necessary 
Install manometer on manifofd and cheqk andadjust gas pressure 
Drill hole in flue 



Irfsert tube of combustion tester»m flue and check for 4 C02 content and 
combustion efficiency 



(NOTE: When using a combustion test kit, fojlow^directions carefully.) 
U, Close hole in flue with sheet metal screw * , 

V. Use amp meter to check blower motor load for tolerance 
W. Disconnect blower and check high limit control 
X, block pilot flame and check pilot safety 
Jean up tools and area and put tool^away 



\ 
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GAS FURNACES 
UNIT I 



JOB SHEET #2"DISASSEMBLE, INSPECT, AND. REASSEMBLE 
■• AN UPFLOW GAS FURNACE " 



Tools and equipment; * 

A, Service technician's tool pouch 

B, Flash light 

C, ' Oil can with #10 oil 

D, Manometef 

E, Combustion test kit 

F, Upflow gas furance as selected by instructor 
Procedure: 

A, Disconnect power source 

B. Close gas cock and disconnect gas piping 
Remove vent piping 
Remove blower plenum door or panel 



Remove two holding screws on the blower and motor and slide the blower 
assembly out 7 \ 

F t Remove gas manifold \ 

G. Remove burners from compartments 

H. Remove afl screws from heat exchanger and slide the exchanger out from 
the covering.chamber 

I- Inspect heat exchanger with flashlight tqjjeternmne whether or not there are 
any cracks _ > 

(NOTE; If cracks appear in a heat exchanger, it should be replaced; for this 
job sheet it is assumed the heat exchanger has no cracksJ 

J. Clean heat exchanger before reassembling ■ 

X. Cleaia motor and blower assembly 

L Oil motor and blower if required 

M, Reassemble components by repeating steps H through A in reverse v 

l\L Set thermostat to call for heat and run furnace through a complete cycle 



Bo 



JOB SHEET #2 



0, Check and adjust gas and air mixture until it produces a blue flame 
P. Install manometer on manifold and check and adjust gas pressure 
Q. Drill" hole in flut 



k 



R, insert tube oHIombUstion tester in flue and check for CO2 content arvi 
^)ombustion efficiency 

(NOTE: When using a combustion test ktt, follow directions carefully.) 

S, Close hole in flue with sheet metal screw h 

T. Shut down furnace . 

up tools and area and put tools away 



U. ^Clean u 
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HH, Remove thermometer \ 

1 1 / Return thermostat to proper^etting 
' JJ. Clein up tooliand area anqi put too)s away 



n 
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JOB SHEET #3-PERFORM MAINTENANCE ON-A GAS FUfJNACE 



- Tools^and equipment: * 

A, Service*technician*s tool pouch 
Small mirror with swivel attachment on 12" handlfe 

C. Flashlight 

D, Dial thermometer *** 

' E, Gas furnace as selected by instructSw t 
Procedures * 4 

A- Disconnect furnace po^pr source ^ ^ 

B, Clean and lubricate blower and motor bearings ^ ^ 

Vfr (NOTE: Some motors and bearings are pealed and tlo not^ require field lubri- 
cation J 

C, Check belt for slipping or wear if it is a belt-type blqyver 

D, Inspect filters and clean if necessary 

E, Remove burnafc , • < 

(CAUTION; If it is*necessary to remove the burner assembly in order \§ 
remove the burners, it is important to close the gas cOpk on th^gasJW&r 
sfde on the union, K 

F, Inspect bottom of entire heat exchanger for cracks , ~*^kC 

(NOTE:: Sometimes the blower has to be removed in order to see every 
bit of the heat exchanger*} f v 

G, Tap ruft and soot out of burners ' , 

H, Remove any accumulation of rust and soot from the- bottom of firebox? 

XNOTE: A service technician should have an industrial type vaciAtm cleaner , 
available to remove heavy accumulations of rust and soot,) «\ ' . 



1/ Remdve, inspect, and clean the^pilot assembly and pilot orifice 

J, Replace burners and other' components repnoved to insp egt h eat exchanger 

K, Relight pilot and observe pilot flame * ^ -tBt^ \* 

L. Return,gascockto '.JON" position v * N 
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M. Reconnect power sourcejo furnace 
N. Allow pitot safetylto reset 

,0. Turn off gas to pilotlfftd check to see if pt/ot safety locks out main gas valve 
P. Relight pilot * 

<X £et room thecrnostat to heat and raise temperature to call for heat 

R« Observe action of gas valve, 

S Observe height, color, and evenness of flame 

T Adjust burner air shutters, to produce blue flame with little or no yeilow 
flame * L 

U Remove a Sheet metal screw in the vicinity of the limit switchfand insert dial 
thermometer , 

V, Continue^ observing flames until blower energizes, thep note temperature 

of thermostat * . 
* 

W Examine flames for any change in motion while* blower is operating 

(NOTE: Hairline cracks in heat exchangers frequently open upunder operat- 
ing temperatures and escaping air will move or blow the flames.} 

X. Open fum£ce disconnect switch 

Y. Remove blower motor wire from feh switcb and insulate the bare wire 

Z- Close the furn^e disconnect switch and fire the burners * 

AA + Observe. «with f biovvW^$toppfici, The temperature* of the thermometer as 
the furnace begrni^to bverh^aT ^ . 



/ 



88- ,Note the action of fhe high Irrpit^witch 



(NOTE: The gas valve should close before the furnace bonnet temperature 
reaches 200°F.) - 

CC- Qpen furnace disconnect switch and reconnect the blower 

DD< Close furn^ce.disconnect 

EE.^ubserve temperature at which the fan starts ^ f 

j.. r ,.. - ... 

at t^a setting lopieMhan room temperature 




rata^^which the4en stops 
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JOB SHEET -4-TR0UBLESH00T A GAS FURNACE 
' * ON A "NO HEAT" COMPLAINT 

> ""V 



/ 



if 



Tools and equipment 

A. Service technician's tool pou£h 

B, Volt'Ohm-ammeter y # * ■ 
C> MjIUvoU meter 

O^jfsas furnace as selected by instructor 
Procedure . ' « 

A. Check power source with voltmeter 

*» 

B. Set room thermostat above room temperature 

* n 
C- Check output of 24v transformer for voltage 

O Check 115 volt circuit from panel through disconnect 'to transformer 
the transformer is dead v 

(NOTE: Some low voltage transformers are fused wiiih a low l^mperage 
(3.2A) thrdugh the secondary circuit,) ^ 

F. Check proper adjustment and alignment of pilot flame 

G. .Identify type of gas.valve y 

(NOTE: If gas valve does not open, then the thermocouple is probably 
. bad,) 1 

H. Check thermocouple with millivolt meter * ( 

L Disconnect 24 voit wires from gas valve and test for voltage 

J. Establish 24 volts available at valve r then if valve does not open it is bad 
* 

(NOTE: A shorted gas vaive will usually burn up a transformer, and remem- 
ber that some slow opening and closing gas valves take up to 20 seconds to 
open after applyihg 24 volts.) 

Establish 24 volts not present at the gas valve, then check continuity through 
24 volt circuit 

(NOTE: A few limit switches have to be manually reset after tripping,). 



'0 
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L Ch£ck for open high Iftnlt switch 

* * * 

(NOTE: An open high limit switch usually results from insi^ficient air 

volume through the furnace, and this may result from a closed filter, 

a bad fan belt, or a bad blower motor > 

jh and low voltage continuity and read^y all controls for opera 

ire the furnace and cfyeck the thermocouple y t - 

tfoe fan switch and operating temperatures 
Check ihe Jtmit switch temperature - 
(NO^/do n^rpiate the dial pf a fan or'limit switch J 

' W •• • - ' 

Cl^n^jr^^ls^rtaarg^nd put tools away f 

■ '* ■ - v * 
■ ■'/ 
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SHEET#5-,-INSTALL'A RETROFIT PACKAGE TO REPLA 
A STANDING PILOT WITH A CYCLING PILOT 



Tools and equipment 

Ai Service technician's tool pouch 

B, Volt-ojim-ammeter, 



C, 



White-Rodgers 21D18 retrofit package or equivalent 
Gas furnace with standing pilot as selectra by instructor 



(NOTE: The procedures and illustrations in this job sheet are reprinted, 
with the permissioluof the, White-Rodgers Division, Emerson Electric Co, 
The procedures and components used 3re designed to reflect the essential 
elements in converting a standing pilot light into an energy^saving intermit* 
tent ignition system and no endorsement of product or procedure is in* 
tended,) . % 

Procedure . 

A. Check Retro-Fit package to make sure flame sensor, gas valve, electrode 
assembly, and r«light contr/l 3re included (Figure^^ 

FIGURE 1 " ' 
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Complete the following ctf^cks before shutting off gas and power 



1. Cycle system to insure ^operating and limit controls are function- 
ing properly 4 



2. Check for other' possible furn£fce/boiler malfunctions; ie„ cracked 
heat exchanger, blocked flue,, cracked boiler sectibns, and evideno 
teaks * " . ■ 



;ked^ 



3/ Check incoming supply voitage~and 24 volt transformer output. Be 
* sure transformer capacity is adequate. This controKsystem requires J5 
VA for proper operation . / * 

4, Observe pilot flame pattern to . determine best location for, ignition 
electrode placement * - , 1 

'5. Visually'check size and lengtH requirements of present control system 

to insure Retro fit components will fit in the space provided 

* * 

Turn off gas and electrical power to the system 

Remove existing- gas valy£ and thermocouple and any other components 
used ih existing system tult not-required foe conversion application; i.e!, on a 
single function contfol system, remove the gas solenoid, pilot stat*, and 
pressure regulator * • . r * - . \ - 

Insert bulb of Mercury Flame Sensor into pilot burner in place' of thermo- 
couple (Figure 2) - - 



FIGURE 2 



3/0?* TO yi? 
CtEwiENT 

- P' 




ELECTR00E M0UNTE0 
WITH SLIP-ON BRACKET 



ELECTR00E MOUNT. 
UTILIZING PERFORATED 
STRAP. 
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r 

F< Secure Flame Sensor u$ing \U£ pilot burner adapters' supplied with Retro-Fit 
package (Figured) ' 

(NOTE: Check Figures 10 through 16 for demonstrations of typical appJica-' 
' y tidns.) 

FIGURE 3 



Ilot burner 

ADAPTORS 



o. 



ZO 



26 0079 



71-1139 



26-0080 



NOTE Part NO 71 1139 
for u$e vfl th itud 
bulb type phlct$ 

ELECTRODE 
MOUNTING BRACKET 




§9 191S 



6o662 




G. ■ Double check^pilot burner for correct placement * * - 

(CAUTJOWi UNDER NO CIRCUM*STANCES- should t$e existing. pilot 
burner be relocated, or an existing factory-installed shield be altered^' if 
pilot burner replacement is necessary, use only a pilot burner apf^^ed 
\for the appliance; if th^ pilot or main burner have to be removed to properly 
locate ignition electrode, be sure they are replaced in the EXACT location of 
facjpry installation.) 

H. Locate-760 series electrode on pilot burner as shown in Figure 2 

I. Slip mounting bracket over flame sensor bulb to form a 3/32" to 5/32" 
spark gap„and be sure span* Jj^p i^p pilot gas stream 

Cut off Excess electrode if it # too long 

(CAUTION- Be sur§ rod is NOT close to appliance chassis to.prevent elec- 
trode from arcing to ground; if elefctrode cannot be mounted with the slip-on 
mounting bracket 'due to pilot burner placement, remove ceramic from 
slipon bracket and use a* fffass perforated strap and "U" .clamp to mount 
Electrode assembly as showr in Figure 2.) 1 



K. 
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L. Double check assepnbly; flanne must NOT IMPINGE on ceramic insulator or 
the ceramic will bidamaged 

1. When positioning electrode, spark should jump through pilot gas 
stream to Flama Sensor bulb. Electrocie rod must remain -in pilot 
K . flame after gas has been ignited. (Electrode rod is part of jfe£9 Relight J 

control flame detection circuitry.) t *^ * 

% 2. When ad justing/ bend tag electrode rod, use two pair of pliers to prevent 
bending pr twisting' at the point electrode enters ceramic insulator 

f • 

M. Mount 36C84 {jas valve on supply pipe; valve may be mounted Ift any posi- 
J tion, except upside down; direction 'of gas flow, is indicated by arrow 
.stamped on pipe boss '(Figure 4) *V 

1 Where* possible, new, properly chamfered *artd clean pipe should be 
used. If old pipe is'used, be surest is clean and free of rust and scale 

; 2. Be sure threaded end of pipe is/free of burrs and chips- Sparingly 

"apply approved pipe >^ope tcv/frie first three or four pipe thread^ 

Applying pipe dope toTfrrtfirst three or four threads will prevent 

^ chips from passing onto internal valve parts since pipe dope will collect 

^ . J and retain me^l chips tha't are formed as the pipe is threaded into valve 

body . * 

\ - • * 

FIGURE 4 
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/ 1,1, \PIPEDGAS 
l{" 'SUPPLY 




TYPICAL GAS SUPPLY PIPING , 
(BE SURE A DRIP LEG IS ALWAYS INCLUDED.} 
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N. Attach' pilot tubing to gas valve, install fitting into pilot gas tapping, turning 
until finger-tight; insert clean deburred tubing all th&^way through the fitting; 
holding the tubing securely slowly tighten fitting/until a slight "give" is felt, 
then tighten 1 1/2 additional turns 

*0, Mount the 5059 Pilot Relight control tr/an area on the appliance where 
it^will not be affected by roll out ftam#;~flame heat, or radiant heat; maxi- 
-"mum ambienttemperaure is I50°F 

* ' • 'J • 

1. Be sure metal to metal contact is made between mounting hole stand- 
offs on Relight Control and mounting surface 

2, Connect high voltage lead to terminal on top of Relight control, after 
feeding lead through angled insulation boot; press bobt over connection. 
Avoid excessive strain on ignition cable 40 prevent cable from being 
pulled out of ceramic (the ignition cable is held in the ceramic by a 
^ push-on connector); see Figures. 

• FIGURES 




JOB SHEET #5 

Attach leads from terminals "C 11 and "L'\on the gas valve using 1/4" female 
spade connectors and route these leads to the 5059 FJ&light Control; attach 
1/4' 1 piggy-back spade terminals to the leads and attach them to the male 
spad^connections.to the Relight control; see Figures 5 and 6 - 

FIGURE 6 / 




TYPICAL LOW VOLTAQE WIRING 



Modify procedure if replacing a 24-volt gas valve; attach wires previously 
connected to OLD gas valve to the piggy-back terminals on the 5Q59 Relight 
control; if replacing other control configurations, refer to Figures 6 through j 
9 for typical wiring , , * 



FIGURE 7 



PILOT 
SOlf KOit> COIL 




TYPICAL WIRING FOR LOW VOLTAGE 
THERMOSTAT AND LINE VOLTAGE LIMIT 
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FIGURE 8 
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, R. Check to be sure the limit control IS NOT accidentally wired OUT of 
theCIRCUIT 

S, Inspect all old wiring for damage, loose connections, etc; secure all winng to 
chassis or piping with electrical/friction tape or plastic wire-wraps 

T. Carefully extend capillary coil from pilot burner to prevent kinks or other 
damage; capillary should &e stretched only far enough to reach gas valve; 
excess capillary should remtffh coiled to prevenrdamage- 

U. Use soap safution to leaf^heek piping to gas valve 

V. Adjust heat anticipator on room thermostat for .6 amps* current draw 

(CAUTION: Djo not jumper\or accidentally shdft terminal^on 5059 Relight 
control; room thermostat heat'anticipator could BURN OUT!) 

Turn tfft power to appliance\^djust room thermostat to call for heat 

X. Check 5059 Relight control, it shouldbegin sparking" 

Make sure sparking occurs between ignition electrode and Mercury Flame 
sensor or pilot hood, in the middle of the gas stream; the spark gap must be 
3/32" to 5)32"; if electrode placement is not correct, disconnect ppvyer, and 
re-position electrode 

gas cock on valve to ON position . , 

AA. Turn on power to appliance to energize system; two to 'five minutes will be 
required to bleed air through the valve and pilot line; once gas is present at 
the-pilot, leak-check the pilot line with soap solution 

BB. w Check to see that sparks from the Relight control stop as soon as pilot flame 
^ is, established; if spa rking does not stop,,make sure ignition electrode is in 
, pilot flame ,and metal standoffs on 5059 Relight control are grounded 

CC Allow about 45 s^copds for pilot flame to heat Mercury Flame sensor; * 
Flame sensdK^will then switch main valve ON and main burner will ignite 

DD- Use soap solution to leak#check the piping to the main -burner 

f 

EJE, Cycle the system a number of times to insure smooth ignition and proper 
operation ^ * 




FF. Place nev^'LIGHTINQ INSTRUCTIONS" over existing instructjona; clean 
area to accept adhesive backed label; remove protective backlng^and attach 
- label - , ' * . , * * ' *\ r X r 

GG. Clean up area and return ,tools '* . * 

* ' !. ■. 1 : 73 < 
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JOB SHEET #5 
Typical Pilot Burner Applications 




Q 303 



Penn 8asO f 

FIGURE 10 



Perm Baso 
J 641 




Insert adaptor (260079, Fig, 
141 *nto pilot bracket Place 
"C" ring in groove "A" (Fig, 
1 €> Slide mercury element 
into place Po^mon electrode 
ouniing bucket over 
element. 



J 



ftobertshaw 
A 1800 




Insert adaptor (260079, Fig 
14) >nto puot bracket Place 
"C" ring in groove '6" (Fig 
16) SJide mercury element 
into place Posrtf&n electrode 
mounting bracket over* 
element 



ftobertshaw 
A 1830 



FIGURE 11 




.Insert Adaptor {26-0080) into 
pilot bracket Place *C rinj in 
groove 'A' (Fig 14), S'lde - 
mercury element into Place, 
Position electrode mounting 
bracket over element. 



Penn Baso 
FIGURE 12 




Monevwen 
Q308 



Inser: adaptor 169 1913, F t g 
M) into^pilot bracket Piace 
'X'* ftng'fn groove "C" (Fig 
\$} Inveri mounting bracket 
on electrode assembly (remove 
spring retainer, invert, remJtatt 
spring clip), drop mounting 
bracket over mercury element 
Insert mercury element into 
Place 




ITT 

26T1320 



nsert adaptor 126-0080, Fig 
14) into pilot bracket Place 
J 'C" rmg m groove "A'* IFig 
) Slide mercury veriest 
to place Position electrode 
mount*ng bracket Oyer 
element 
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Use standard thermocouple 
ciamp and sleeve to mount 
mercury element Shde 
thermocouple ciamP to groove 
'A\ Fig 16 Perforated 
strapping >s used to position 
electrode assembly, fiend 
electrode so spar* will |ump to 
mercury element and 
electrode tip will be in Pilot 
flame Gap must be 3/32" to 
5/32" Excew electrode may 
be c uf of I 8oth mercury 
element andeiectrode must be 
■n pdot Name 



FIGURE 13 



\ 
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J0BSHEET#5 



ADAPTORS 



E 



260079 t 260080 - 69*1913 7MJ39 



1 



FIGUREJ4 



ELECTRODE 
MOUNTING BRACKET 




$ 1662 



FIGURE 16 



MERCURY 
ELEMENT 



0 



'A\ 



FIGURE 16 



FLAME SENSOR 



h two — 

' Pilot/ **f»u4e :,vircn 

5OL£nOi0 VALVE n 0 



j r 



THERMOSTAT 



H V A C 



1 QpO J 



FIGURE 18 




3098 MERCURY FLAME 
SENSOR PLUG 



FIGURE 17 



Flam* Stnsor Action 

Pins 4 and 3: 
Continuity when Cold 

Pin* 4 and 2 J * 
Continuity wfrtn Hot 



1 



v .GAS FURNACES 
UNIT! 



NAME 



TEST " 

Match the terms on the right with the*ir correct definitions. 
a. A device for adjusting gjs line pressure 



to the pressure specified by the appliance 
manufacturer 

_b- An electric switch which prevents a gas 
vaOie from opening unless a pilot tight is 
present 

a An electrical device that controls the flow of 
gas; ctfn be millivolt, 24V, or 115V depending 
on application/ r 

d. Plugs threaded ioto gas burner manifolds; 
their small, precisely drilled holes meter 
precise amounts of gas' to individual burrters 

e: An adjustable opening on a. gas burner which**** 
7 meters th&)amount of air to mfx'with the^Ejas" 
in order^prp^upe a proper flame 

A. - A small openingftn a gas burner wfcjph <!fiVerts, 
.a -small amount of gas to the*vicinity of the * 
pilot flacne/to assist in a quick, ev^n lighting^ * 
* of alt burner^in a gas furnace ' * 

\ . 6 + ■ 

Serves as a safety device^bn 'gas-furnaces 
to cut off tlie gas supply in the event of loss 
of flame in the pllot»)ight 
* " ■** 

h, Aji electrical .device in a furnace blower 
assembly that energizes the blower ,from , , 
a remote loc^fion , ^ 

i. An air collection chamber 

j\- 'An^alectrically operated valve that controls 
the/ldSw of gas. ? ' * ** 

— - 

k. To>remodel_ or repair;" in air conditioning 
* and refrigeration it generally me^ns replacing 
older system components witnnev^ Qpmpo- ^ 
ents that conserve energy * ■& 

^ - T • ' r - 



1- Sonnet 
2: Gas valve 

3, Fafi rfeiay 

4, Gas^pressure 
regulator 

5, Thermocouple 

—67 Pilofeafety 
control/ 

7. Retrofit 

8. " Primary shutter 
9- Solenoid valve , 

10. Qrifice" inserts 
flJ" Pilot runner 




68 

ft 



2. Match types of gas furnaces "on the right with their applications, / 



a. Installed where headroom is*ftot a problem 



b. Installed where basefnent, or crawl space 

* cai^riQt be used, and supply ducts are located 

under the f^ r * < 

, j L c, Installed ii?Vrawl space or attic where head- 
room is Mrrri ted 

" " % deinstalled outside and ducted into the house 



_e. Installed in.t^sements where headroom is 
. limited 



1, Lowboy 

2, Gravity 

3, Upflow - 

4, Counterflow 

5, Horizontal 

6, Outdoor ^ 



J, * Installed in basements, and frequently used to" 
convert furnaces from coal to gas operation 



3- Identify components of a gas burner assembly 



b. 

P. 
d- 




-t 



/ . ■ 



g 

N h. 



^3 
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Match types of gasvalves on the right with their characteristics. 

» * 

a. Opens instantly when energized r 



_b- Opens after a lapse of one to thirtvj©€©nds 
when energised ' 

_c. Combines other gas burner assembly compo- 
nents such as pressure regulator, pjlot gas 
. Valve, and pilot safety 



1. Slow Opening 

2. Instantaneous 
3.. Combination 



Identify components of a combination electric gas valve. 




a. 
b. 
c- 
d. 
e. 
f. 

9- 



si 



ef^ Select true staterrants concerning the characteristics of a heat exchanger by placing an 
"X M in th£ appropriate blanks. > 

a, Constructed to provide efficient heat transfer from flames to room air 

while keeping flue gases separate from room air 



_b. Composed of units called "clamshells" 

j:, Each clamshell designed to transfer a specific amount of heat per hour 
of operation 



d. Each clamshell has triple burners 



7. Select true statements concerning advancements in heat exchanger technology by 
placing an "g" in the appropriate blanks. # 
* • 

* a. Advanced heat exchangers operate with power combusttoq, usually a direct 

. spark ignition thareliminates the need for a standing pilot 

' b> Advanced heat exchangers eliminate Ir up the flue" heat losses 

\ c. Advance^ heat exchangers eliminate "off cycle" heat losses common with 

load - 



-8. Select true statements concerning the characteristics of a draft diverter by placing an 
M X" in theappropriate blanks, 

a. Constructed to collect flue * gases from upper" opening of heat* exchanger 

and funnel them into the vent without pulling excess air over the flames 



b. Constructed to be closed to the atmosphere 



* c. Induces unheated air into vent pipe to reduce terhperature of flue gases 
d. Prevents winc^that entd*e the vent pipe from blowing*out jh^pilo\ 



9, Identify the two types of', blower assemblies shown in the following ^lustrations. 



ACFJ IV- 71 , 



tO. Complete a list of components of 3 control system, 



a. 
b. 



Transformer 



4 v 



d, 
e 

9 



Pilot Jight 



h, ; T^rmocouple 
l Phlot safety 

> 

he function 



1 1 . Describe the 



s o^ a transformer. 



a, 
b. 



* 12. Ma^ch the types of thermostatson the right with their functions, 



_a, 1) Consist of one switch wfcich closes on a 
' * drop in temperature ^ 

^ 2) Have only a heat aVitidpator * 

3). May have a set bacKeVergy conservation* 
^featuT^ * 



Jf_b, 1 ) Temperature operated heating switch 
closes on drop in room temperature 

2) - Terhperature gp^fated - cooling switch 
'doses on increase'in rodfn temperature 

3) Manually operated fan , swtich ^ which, 
closes circuit to fan relay 

^ 4) Have both heating 'and cooling anti- 
cipators^ 

. ( &) ;'May have a set back energy con^rvation 
feature v 



{ 1, HeatOtfiTy m , 
** - thermostats' , 

2. , Heat and co 
thermostats 



\ 
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13. Select true statements concerning liinit switch operation b^ placing an "X" in the 
appropriate blanks. ' , * 

*\ . 

a. Opens on temperature rise * 

' b. Senses bonnet temperature - 



J\ c." Set#*180'to 200 degrees 



d".' Internjpts^rircuit to ges vat^ or transformer 
e. May be separate or combined with fan switch 



_f. , Designed to.sftut off gas supply to burners if furnace overheats 

_g. tn some models will bypass^ fan switch to bring-an blower while furnace is 
overheated ■ * 1 



14. Select true statements concerning fan switch operation by placing an n X n in the 1 
appropriate blanks. 

a* Closes on temperature rise * , 

b. Senses bdwet temperature 

c. A<fjusta£Tte "on' 1 switch approximately 100 to 180 degrees 



ft X5- 




d. Adjustable ."off" jwjtch approximately"20 to 80 degrees cooler than on' 
switch' i ' ; . * 

■ * 

_e. AN types of fan switches for g,as fucnaces are designed to close supply Circuit 
to biovVer motor Avhen furnace is ho| 

*f. May be combined with limit switch • " , 

true statements concerning fan-lirnit swtich operation by placing an * f X" in tlie 
riate blanks. , + M 



(NOT^E: For a statement to be true, all parts of the statement must be true.) 
- a. Combir 




Combines complete set of fan 
b. Contains pre-set high limit sw : 



switches 
switch- 



es* 



1) Maycofrtrol gasv^lye ort 115 volts 



2) ' May comrol transformer supply circuit on house current^oF^p volts 



16. Describe pilot light operation. 

a, 



! 



b. 



:Rjt 




SI 
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1 7. Describe thermocouple operaiion. 
b- 

18. .Describe pilot safety operation, 
a. 

' b. " - 




■ * 



19 Select true statements, concerning potential Sources of thermocouple failure by placing 
an "X 11 in the appropriate blanks. * h ^ * % 

(NOTE 1 . For a statement to be true,-a(l parts of the statement must be true.) 



2& W 



a. May fail to generate enough voltage to hold open the gas valve or pilot safety 

b. Tip may'be burned out because pilot flame is too hot fr ' ' * r ^ 

c. May not- be getting eoougfi heat from pilot flame 

* ** . * 

1 ) 'Not properly positioned in pilot flame 

2) Soot build up insulates t^rmoGou[M& r 

Complete a list of potential sources o£ fan switch failure, 
a. . 



( 



j Fan switch temperature setting becomes unreliable causing fan to v conje ^ccn 
^djoo soon or t tbo late * *" ^ * 



21 Complete V list of potential sources oi transformer failure, 
a. * * 



7 ' 

^Usually fails for 



no apparent reason 



22, SeJeSt true statements concerning potential sources of hiotTTTmix switch failure £y 
* fAacin^ an "X" in the appropriate blanks. ^ a 



(NOTE For $ statement to be true/all parfet>f the statement must be 

• - a. Normally closed switch that'fc faulty will' not open in presence o\ unsafe 
tetnperaiure ' ' vl^ * ^ . * ■ * ' \ 

b" Usuafly very reliable, tout might be prevented from^ operating because of 

external causes * - . . 

U SwitcHjcover jammed^against rnov^g plate 

2) Wire$, touching because of burned insulation v M 




•r 
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23. Dif fer^fitiate between two potential sources of gas valve fai[ure t by placing a lr LT' beside 
the statement that usually causes gas valve failure antf an "R" beside the statemeat that 
rarely causes gas valve failure. 



a. Will not open 



b W*l I not close 



24/ Select true statements concerning potential sources oiftan relay failure by placin 

i "X' 1 in the appropriate blanks, 

f ' 

i a. Contacts stick together causing blower to short out 



b. Faiis to close when 24 volts is applied 
c Contacts fa?l to close fan circuit 



25- Match component sources on'the right with potential blower section failure. 



a 1 ) Bearing seizure because of improper 
oiling ( \ 

2! Burned out or shorted motor windings 

_b 1) Destroyed because of improper oiling 

^ ' ' \ * 

2) * Destoyed because of exces^ve belt- 
tension A 

c. 1 ) Cracked, (rayed, or broken ' * , 

2) Too loose * 

3) Too-tight t 

jj. Can seize-to motor shata and canraot'be pulled 
off withourdestruction , # * 

e, 1 ) Balance weight has come off * 

, -2i Can only be rebalanced 3t the^ctory 

7 

f Running * backwards . because of* improper 
replacement 

g, 1 ) Creates excessive poise 

, 2) Causes temperature stratification re- 
sulting *in coltJ*'spots and hot spots'in 
.the room s ^ . 

3) Drawing too much current snij blowing 
f fuses 



1. Blower belts ^ 

2. Blower wheels out 
of balanse 

3; Aluminum split 
pulleys . 

4^ Blower speed , 
i 

5. Blower wheel 



6, Blower mators* 1 

7, Blowei\ bearings 



•**» 




roviding inadequate cooling after \air 
conditioning has been added * 



O 



3 



I * 
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26 Differentiate beWeen potential sources of heat exchanger. failure by placing an "S" 
beside statements Vela ted to soot buildup between clamshelli and a M C" besfde state- 
ments related to a cracked heat exchanger/ * ^ 

m r complains Qf pilot light blowing out 

b. Identified by visual inspection with flashlight and small mirror* 

c. ,UsuaHy«identified by flames spjlling.out front of furnace 



jd. Flames fluently cause extensive damage to wires ,and electrical com- 
ponents ^ 

e StaCts as hairline bracks in Sharper bends at bottom of clamshells* 



_f. Cracks open wider in presence of heat from burner flames ^nd create a 
potential hazard for occupants * z 

_g. Requires* tearing down furnace and cleaning between clamshells with wire 
, >*and vacuum cleaner 



27 Select true statements concerning potential sources of pilot safety failure byplscing an 
"X" in the appropriate blanks. > ^ - " 

* a. Usually evidenced by. failure to open gas valve aftep.replacement of thermo- 
couple^ 

•oSer«to gas valve unless operating/properly with adequate thermo,- 
e voltage ^ * * v 

nace without 100% shut-off gas valves 

28. Complete a list of factors needed to determine gaS pipe sizing. ■ 

a. Specific gravity and^Btu per cubic foot heaVinc value of gas sjppfy 

4 





\ 



* x d. Maximum capacity of pipe related to*cubic feet or gas per hour 
29. Complete a fist of energy saving devices designed for reuofifctrng. 
* a. -.Set^ick thermostats [ 



76* 



30. Select true sidiemehts concerning set back thermostats and their uses by placing 
an "X" i^the appropriate blanks * t 

a + Designed to ^structure move to a higher room temperature at flight * 

Reduces heat toss because of tower temperature differential ( 

c. Educes fuel consumption because of reduced heat loss . * 

_d. Can be operated only b^a timer 

e. Can b£ fully automat* d With clock operation providing manual override 
on weekends " * 




31 Select tfue StaEements concerning intermittent ignition systems and their uses by 
placing an "X" m the appropriate blanks. * * 



a, Eliminates r^gst of fueLto pilot flame j 

/b. Can operate only from a direct spajtf ignition 



ame A 
DaJTigr 



c. Good proven-pilot or cycling-pilot systems are built with a "redundant 11 
safety system' which requires that the pilot light be proven with an electric or 
an Qlectro-mechanicat sensor before gas will flow to the main burgers 

d. Are bemt^lncorporatsd into many'new furnace designs 



^2 Select ^rue statements concerning vent dampers and their uses by placing an "X" 
in the appr^pnjaJe blanks m . 

J ■ c 

v ^a. Are aesigned to stay open while,burner is operating in order to vent com- 

* k bustton gases 

b Are designed to close when burner shuts off to stop heaf from escaping 

up the flue or chimney 

** * * 

c. Are relatively easy to install, and can be installed by anybody 



"d. Some manufacturers are building furnaces with control wiring installed 
^ for adding a vent damper & * 



33 Trace the hi^rj voltage and low voftage circuits of a gas furnace. 

34. -Construct fairing diagrams for gas; furnaces 

35. Size gas piping 



3-j 




ACR IV - 7% 



GAS FURNAC66 
UNIT I 



ANSWERS TO TEST 



c. 
d. 

a." 

b. 
c. 

a. 
b. 
c. 
d. 
e. 



4 


e. 


8 


I 6 


f. 


J 11 


% 


9- 


5 


io 


h- 


3* 


3 


d. 


6 


4 


e. 


1 


5 


f. 


2 


Gas valve 


1' 







Pilot burner gas suppjy 
Burner manifold .with ortfice inserts 
Prifnary air shutter and locking screw 
Ribbor^slot, or jet burne^ports 
Pilot runner or Crossover igniters . 





. y- 


Piiot burner and thermocouple assembly 




h 


Tap for manometer use in adjusting gas^pressure 


4.. 


a. . 


2 






b. 


1 f 






c. 


3 












5. 


a. 


Pilot shut off valtfe f 


> 




b. * 


.Main gas line shut off J 






c. 


Pftot gas adjustment ^ 






d " 


Gas pressure regulator adjustment 






e. 


Pilot gas connecfion * 






f. 


Thermocouple correction 






?■ 


Electrical terminals to control circuit 




6.- 


a, b. 


c . ' f 






b. c 


J 




8. 


a, c, 


d * 




9. 


a. 


Direct drive \ * * 






b. 


Beft drive 




10. 


b. 


Thermostat 






c. 


Electric g^s valve 






d. 


Limit switch 


> 




e. 


F^n Switch m 


* 


* 


f. 


Combination fan limit switch 




.11, 




,Reduce£#upply voltage to 24 volts 








Furnishes power for control circuit 






1 



1-/ I 



ACR IV - 7% 



GAS FURNAC66 
UNIT I 



ANSWERS TO TEST 



c. 
d. 

a." 

b. 
c. 

a. 
b. 
c. 
d. 
e. 



4 


e. 


8 


I 6 


f. 


J 11 


% 


9- 


5 


io 


h- 


3* 


3 


d. 


6 


4 


e. 


1 


5 


f. 


2 


Gas valve 


1' 







Pilot burner gas suppjy 
Burner manifold .with ortfice inserts 
Prifnary air shutter and locking screw 
Ribbor^slot, or jet burne^ports 
Pilot runner or Crossover igniters . 





. y- 


Piiot burner and thermocouple assembly 




h 


Tap for manometer use in adjusting gas^pressure 


4.. 


a. . 


2 






b. 


1 f 






c. 


3 












5. 


a. 


Pilot shut off valtfe f 


> 




b. * 


.Main gas line shut off J 






c. 


Pftot gas adjustment ^ 






d " 


Gas pressure regulator adjustment 






e. 


Pilot gas connecfion * 






f. 


Thermocouple correction 






?■ 


Electrical terminals to control circuit 




6.- 


a, b. 


c . ' f 






b. c 


J 




8. 


a, c, 


d * 




9. 


a. 


Direct drive \ * * 






b. 


Beft drive 




10. 


b. 


Thermostat 






c. 


Electric g^s valve 






d. 


Limit switch 


> 




e. 


F^n Switch m 


* 


* 


f. 


Combination fan limit switch 




.11, 




,Reduce£#upply voltage to 24 volts 








Furnishes power for control circuit 






1 
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33. Evaluated to the satisfaction of the instructor 

34. Evaluated to the satisfaction of the instructor 

35. Evaluated to the satisfaction of the instructor 

36 + Performance skills evaluated to the satisfaction of the instructor 



1 



4 
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33. Evaluated to the satisfaction of the instructor 

34. Evaluated to the satisfaction of the instructor 

35. Evaluated to the satisfaction of the instructor 

36 + Performance skills evaluated to the satisfaction of the instructor 



1 
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" ' " Attt. IV - S3 

. • electrical heating system?*- - |* 

Unit m *■ , * , 6 ' . ' 

unit 08jective . ' : 

After completion of this unit, the student should be <bJe to identify components of an 
electncdJ heating , system and list areas of potential prob)er4s in electr icaJ seguencingand- 
relay equipment. The student should -also be able to install an electric furnace and perform 
periodic maintenance on an electrical heating system. This knowlSdge^wiil be evi(fenced ; by 
correctly performing 4he procedures outlined in the job sheets and by scoring 85 percent on 
the uniatest, - * 1 — 



* SPECIFIC OBJECTIVES 



After completion, of thmfuYiit, the student should be able to: 

1 ^/latch terffrs related to electrical heating systems with their definitions, 

2 Identify types of electrical heating systems. 

3, Differentiate between types of electrical heating systems. 

4. Complete a list of components of electric heating Equipment, 



5%^ Select true statements concerning causes of common failures of electric heating 
1 equipment components. 



6. Demonstrate the ability to: 



*a. ■ Install, sJEart, and check arT^lectncal heating unit. - \ 

b. Disassemble, inspect, and reassemble ata electric furnace. 

c. Troubleshoot an electric furrte^e^ 

d. * Perfprm maintenance on. an electric furnace. ^ 



ELECTRICAL HEATING SYSTEMS 
UNIT II 



SUGGESTED ACTIVITIES 
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I. Provide student with objective sheet. 

II, Provide student with information and job sheets. 

Ml. Make transparencies. 

IV. Discuss unit and specific objectives, 

V, Discuss information sheet. ' 

VI. Demonstrate and discuss the procedures outlined in the job sheets. 

V!1. Show the class samples of electric furnace sequencers; they don't have to 
be m serviceable condition, 

VII L Give test. 



r 



/ 



INSTRUCTIONAL MATERIALS 



I, 
v 



Included in this unit: 

A, Objective sheet 

* i 

B, Information sheet 

s 

C, Transparency masters 

s 1, TM 1-Duct Heater 

2, TM 2-Upflow Electric Furnace 

3, TM 3-Horizontal Eiectric Furnace 

D, Job sheets \ 4 ' 

1. Job Sheet #1 -Install, Start, and Check an Electrical Heating Unit 

2, Job Sheet #2-Disassemb1e, Inspect, and Reassemble an Electric Fur- 

/ 



E, 
F, 



nace 



3, Job Sheet #3 -Troubleshoot an Electric Furnace 

4. Job Sheet #4-Perform Maintenance on^n Electric Furnace 
Test 

Answers to test 



4 
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II, Reference- Russell, Allen. Getting Started in Nesting and Air Conditioning, 
Birmingham, Ml : Business News Publishing Co., 1974, 

- 1 
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ELECTRICAL HEATING SYSTEMS 
UNIT II 



INFORMATION SHEET 



Terms and definitions 



A + Nichrome-An- alloy used extensively as a heat source for electric heat 
as in electric ovens and toasters % 

B. Contactor- A relay capable of opening and closing powec circuits of high 
amperage - * 

C. Line voltage- Voltage used in residential electric heating * 

D. Sequencer-A time cielay device 

* 

E Fag relay-A relay which operates a furnace blower, frequently incorporated 
as the first'stage of a sequencer in an electric furnace 

F + Power lugs-Heavy duty fittings %r connecting power wires to a high amper- 
age appliance such as an electric furnace 

G. Fusible link--A backup safety device designed to mdt and open the circuit 
on an electric furnace at a temperature higher than the limit 

K High limit switch--A safety device* which opens the circuit when there 
is excessive temperature rise (usually a snap-disc type) 

Types of electrical resistance heating sys'tems (Transparencies 1, 2, and 3) 

A, Duct heaters 

B, Electric furnaces 
Characteristics of electrical heating system? 
A, Duct heaters (Transparency 1} 

1, Composed of nichrome wire coil strung through insulators 
2- Placed in a heating duct with remote blower 
Equipped with line voltage controls ' 

a. Contactor switch 

b, . Line voltage high limit safety (fusible linfc) 



A Equipped with low voltage controls 

a. Contactor coil 

b, * Low voltage high limit safety (click action switch) 



'03 
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INFORMATION SHEET * 

C ' . 

i r 

5, Installed four 1 feet downstream from cooling coil unless approved 
for use as integral part of equipment 

u - 
B. Electric Furnace (Transparencies 2 snd 3) " 

1. Composed of one or more nichrome wire heating elements - 

2. Consists of self-contained complete system witrt" 

a. Blower assembly 

b. * Electric heating elements 

c. ■ Line voltage and low voltage controls vary with manufacturer 
IV. Components of electric heating equipment 

A. Blower assembly % ' - 

B. Heater element assembly 

1, Nichrome wire coils installed through insulators in path of air stream 

2, Fusible Jink in line voltage circuit ,p{ heater coil exposed to radiant-heat 
of heater element * . : * 

3, High temperature Itlnit controls vary with manufacturer 

* * *> * 

C- Electric heat circuits and^controls J 

1. Low voltage fan circuit . *\ 
I a. Transformer 

b. Thermostat " ■ - 

c. Fan relay coil or sequencer heater 

2. Line voltage fan circuit * 1 „■ 

* \ 

a. Blower motor * ^ ' 

b. Fan relay contacts or sequencer contacts 

i - 

c. Fuse, 15 amp V 
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3. Low voltage heater circuits 

a. Transformer t k 

b. Thermostat 

c, Contactor or sequencer coil + 

d, High limitswitch 

4, Line voltage heater circuit 

a, Heater Element 

b, fusible Imk j 

c, Contactor contacts or sequencer contacts 

fa » 

d, iFuse 

Causes of failures ofelectric heating equipment compoiwrs 
A Heating element circuit open * 

1. Melted fusible link 

2. Nibhrome wire burned in two becauseof: 

a. Dirty filter 

b. ' Undersized ductwork t 

c, -Dirty cooling coil , 

d, Broken insulator 

B, Burned out sequencer ^ 

J 

C. Stuck limit switch 

D Burned out transformer % ' ■ 

E Loose connections 



{CAUTION: When aluminum wire is found in an <%-!■ <-.n vdUiuj unit, 
it should be removed and replaced with copper wire.). 
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Horizontal Duct 
Installation 
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Duct Heater 




Vertical Duct 
Installation 



Installed With Single \ 
Package Heat \ 
Pump or Single. 
Package Air Conditioner 




Zone Installation 
With Cenjrally 
Located Filter Unit 

(Courtesy of Lennox Industries Inc., Dallgs, Texas) 

iu2 \ 
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Upflow Electric Furnace 





Typical Applications 




Basement Installation \ 
With Cooling Coil, 
Electronic Air Cleaner 

and Power Humidifier Basement Installation Air Cleaner 

■ -With 'Cooling Coil, 




Closet Installation 
With Cooling Coil 
and Electronic", 



v 



i Return Air Cabinet 
and Power Humidifier 



(Courtesy of Lennox Industries Inc., Dallas, Texas} 

\ it? 3 . 
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Horizontal Electric Furnace 




Jypical Applications 





Horizontal Installation 
with Cooling Coil < 
and Electronic Air Cleaner 



Horizontal Installation in Qtoset 



(Courtesy of Lennox Industries Inc., Dallas, Texas) 
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ELECTRICAL HEATlMG SYSTEMS 
UNIT II ' 



JOB SHEET #1-- INSTALL, START, AND CHECK AN 
ELECTRICAL HEATING UNIT 

I, Tools and equipment %# ' s 

A, Service technician's toor pouch ^ 

B, Ammeter-voltmeter 

* 

C, Hammer / 

D, Aviation snips 

El. Electnc drill and dntl bits- * 



i unit from\c 



Procedure 

A. Remove electrical heating unit trom\crating 

Place unit in designated location 
C- Adapt and attach unit to ^uct system 

D. Connect low voltage wiring to lowvoUage connections. 

E. Install Thenfnostat 

F. Connect power supply to load side of safety switch £ 

G. Connect power supply wiring to supply power terminals on unit 

H. Open thermostat — ■ , < 

I. Ci<jse safety switch to energize system , \ 
J, Start unit by setting thermostat to^caHing" / 

Use ammeter to chetjft load on fan motor for tolerance 
L Usmmmeter tojcheck current load of heating elements 
M/' Check blower section lor proper air delivery 



N. Clean area and jjut tools away 



"ELECTRICAL HEATING SYSTEMS. 
UNIT^I 



JOB SHEET ^--DISASSEMBLE, INSPECT, AND REASSEMBLE 
AN ELECTRIC FURNACE * ^ 



J 



Tools and equipment 
A. Service technician's tool pouch - 
B- Ammeter-voltmeter 
Procedure 

A- Drsconnect power source 
B- ' Remove front panel * 
C. Remove blower and motor holding screws 
Dv Remove^heater unit screws and slide the unit out 
E, Inspect for element damage 
F + Replace damaged parts ^ * 

Clean and oil blower and motor assembly if needed 
H, . Reassemble unit by repeating steps D through B in reverse 
L ' Energize unit and check for proper operation 



ft 

J, ^Clean area and put tools away 
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' 1 '• 



JOB SHEET #3 -TROUBLESHOOT AN ELECTRIC FURNACE 



4^ 



Tools 

i 

A< Screwdrivers 
B-. Ohrjimeter, voltmeter 
Procedure * , 
A« Disconnect furnace power source ' 
B. Remove furnace panels 
t Remove coy^of controi box , 

D. Check for voltage at power-Jugs ^ 

i 

E, Check for continuity anij grounded heating elements 

1. Set vott-ohmmeter to measure resistance 
'2, Remove power wires from elements 
3. Measure resistance of hfeating elements and record 
« 4. #1 ohgns- #2 ohms 



ohms 



5. Reconnect powerwires ; to elements 



6. Question: What would elements read Jf open? What would elements 
' ; read if shorted? * 

7, Are any elements grounded? 

Cheek' contactor and sequencers" for continuity 

1. Set volt-ohmmeter to measure resistance ■ - 

2. Disconnect Ipw voltage wires from contactor and/otj sequencer #\ 

i 

3. Measure resistance of Contactor coil and record — 

m 

4. Measure resistanceof sequencer heater and record 

5. Measure resistance of any othfcr sequencer heaters and record 
#2 ■ * ohms : #3 ohms 

6. Reconnect low voltage wires to contactor and sequencer 



i JOB SHEET #3 

■ 7, Question: What would be tjpe resistance of * 

'a. An^open coil circuit? ohms I 

b. A burned out coil? ohms* *' ' 

* 

8. Question: What would be the resistance of 

a + An open heater circuit in a sequencer? ohms 

,t>. A shorted heater circuit? ohms 

Check continuity and'grounding of tilower power circuit 
Check continuity of fan relaVcoil^ircuit - 
H Set volt'Ohmmeter to measure resistance t ' - ^ * 

2. Disconnect control wires from fan relay ' , 

3„ Measure resistance of fan relay coil and record ohms 

4., Reconnect control wires to fan relay 

Check r resistance of primary dnd secondary windings of low voltage trans- 
former 

1. Set volt-ohmpneter to measure resistance * , v 

2. Disconnect secondary leads from transformer 

3. Measure resistance of secondary windings of transformer and, record 
ohms * 

4. Disconnect primary leads from transformer t ^ ' 

5. Measure resistance o) primary windings of transformer, and record 

ohms 

- \s 

6. Measure resistance from each leg of primary winding to ground and- 
record to ground . ohms 

- L 0 to ground ohms * , 

7. ^Reconnect s^ondary and primary leads of transformer 

£. Question: ^'secondary winding of the transformer shorted? 

-Open? 




ary winding of the transformer shorted? * Open? 

tied? 7 

Question: Haye all the circuits in this electric furnace been checked? 



Is this furnace safe to Energize? 



JOB SHEET #3 

Replace contfol box cover and fprnace panel 

Reconnect powef source 

.Clean area and put tools away * * 



0 



\ 
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ELECTRICAL HEATING SYSTEMS 
UNIT II 



JO£SHJET #4--PERFORM MAINTENANCE ON AN ELECTRIC FURNACE 

\r Tools * 

A. Service technician s tool pouch 1 

B, Thermometer and scratch awl 

C. Shop rag 
i 

D, Ammetervoltmeter 



Procedure 
A 
B. 



D. 



Open furnace power switch 

* 

Service blower section 
Energize furnace and record fan motor amperage draw and record 



De-energize furnace and 'snap jatometer over wire to power lug to main 
furnace power . * 

E, S4t thermostat to ^fceat" and adjust setting to higher than ro(^ temp- 
era ture^ _ o 

F. Re energize furnace and record amp draw of heaters as sequencers close 
heater circuits and record ' * 

# Blower motor and heater #1 

amps * . 



#2_ 

#3_ 
#4 



G, Compare full load amps withfurnace nameplate rating 

H. £heck'to see if all of the heaters pulling the proper amperage 



I F»to 



I, , Drive scratch-awl lito return air plenum, Insert thermometer and record 
* retufn air temperature 0 

J. Select a place in the supply trunk which is ogt of'the "line of sight 11 of the 
electric heater elements-and drive scratch awl into supply trunk. Record 
supply air temperature ° 
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JOB SHEET #4 

K. Record temperature rise through furnace 

L Remove thermometer and plug holes 

M. * De-energize furnace at disconnect , 

N, Replace control box cover and panel 

Re-energize furnace ' 

P. Reset thermostat to proper setjting S 
i 

Q, Clean area and put tools away 
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ELECTRICAL HEATING SYSTEMS 
UNIT II . 



NAME , 
TEST 



if 



1, Match the terms on the right with their correct definitions. 

\ a, A#alloy used extensjfly as atieatsource-for 

electric heat as in electric ovens and toasters 



b. A relay capable of opening and closing 
power circuits of high amperage-* 



, c. Voltage used in residential electric heating 

d, A time dglay device 

e. A relay which operates a furnace* blower, 

frequently incorporated as^the fir;st stage of a 
sequencer in an electric furnace * * 

/ 

^ f. t Heavy duty fittings for connecting power 

wires to a high amperage appliance such 
* as an electric furnace 

g. A backup safety device designed to 'melt 

and open the circuit oh an electric furnace at 
3 a temperature higher than tfcie limit 

t ' * h»\ safety device which opens the circuit 
when there is excessive temperature risfe 

2. Identify the types of electrical heating systems shown below* 



1 . Line voltage 

2. High limit switch 

3. Povwlfr lugs 

4. Fusible link 

v 

5. Nichrome 

6. Contactor 
n. Fan relay 



8. Sequencer 




1 



1 'J 



t08 




4- 



3. Differentiate between duot heaters and electric furnaces by placing a "D" next to items 
that pertain to duct heaters and an "E M next to items that pertain to electric furnaces* 



a. Placed in a beating duct with remote blower 

_b. Consists of self-contained complete system with blower assembly, elec^ic 
heating elements, and line voltage and low voltage controls that vary with 
manufacturer 

» 

_c- Installed four feet downstream from cooling coil unless approved for use as 
intregral part of equipment 



4. Complete a list of components of electric heating equipment, 
a Blower assembly 



b. Heater element assembly 



2) 
3) 
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c. Electric heat circuits and controls 
1 1 Low voltage fan circuit 

a) J 

4 b) 



c) 



2) Line voltage fan circuit 
* a) . 



c} 



3) Low voltage heater circuits 
' a) 

b) 



cj 
d) 



4} 'Line voltage heater circuit 



c) 
d> 



5.' Select true statements concerning causes Qf common failures of electric heating equip- 
ment components by placing an '-X" in the appropriate blanks. 

(NOTE: For a statement to be true, all parts of the statement must be true.} 

a. Heating element circuit open 

1) Melted fusible link 

— __ 2) — F^hrome^rirrbtjrneti irrtwcrbecause T of: ™ — ^ 

* a) Dirty filters * *- 



b) Undersizectd<JCtyi/ork 

c) Dirty cooling coil 

d) Broken insulator 



in 
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b. Burned out sequencer 

_c. Stuck limit switcjj, 

jl Burned out transformer 

e. Loose connections 



6. Demonstrate the ability to: 

a. Install, start, and check an electrical heating unit. 

Disassemble, inspect, and reassemble an electric furnace. 
Troubleshoot an electric furnace. 



b. 

c. 
d. 



Perform maintenance on an electric furnace. 

(NOTE: If these activities have not been accomplished prior to the test, ask your 
instructor when they Should be completed.) 



7 ^ 



v 
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ELECTRICAL HEATING SYSTEMS 

UNIT II ; 



ANSWERS TO TEST 



1. a.. 


5 e. 7 


b. 


6 ■ ' n f. 3 


c. 


1 * g. 4 


d. 


8 h. 2 


2. a. 


Duct heater 


b. , 


Electric furnace 


3: a. 


D 


b. 


E 


c. 


D 



4: b, 1) Nichrome wire coils installed through insulators in path of air stream 

21 Fusible link in line voltage cirQUit of heater coi! exposed to radiant heat of 

j heate } r element 

I 3) High temperature limit controls vary with manufacturer 



c. 



/ A 1 



1) a) Transformer 
b) Thermostat 

Fan relay coif or sequencer heater f 



Blower motor 

Fan relay contacts or sequencer contacts 



' 0 
2} a) 

c) Fuse, 15 amp 

r . < ■ 

3) aj Transformer 

b) Thermostat 

c) Contactor or sequencer coil 

d) High limit switch 

• 

4) - a) Heater element 

b) Fusible link 

c) Contactor contactor sequencer contacts 

d) ■ Fuse . * 
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$ "RESIDENTIAL COOLING SYSTEMS 

UNIT III 



UNIT OBJECTIVE 



After completion of this unit, the studenj should be able to identify the mechanical and 
electrical components of a residential cotffing system and disdiss the processes in a cooling f 



cycle, The student should also be abre to relate component failures to tfieir caused trouble- 
shoot'a "cooling system, and use a chargirjg^table correctly. This knowledge will be evidenced 
bycorrectly performing the procedures Outlined in the job sheets and by scorinqJB5 percent 

/ 

/ 



iced 

bycorrectly performing the procedures buttined in the job sheets and by scoring JB5 percent 
on the unit test. / 

* 



SPECIFIC OBJECTIVES , 

After completion of this unit, the sJudent should be able to: * * 

1, .Match terms related to residential cooling systems with' their correct definitions. 

2. Completer list of mechanical components of an air conditioner. 

3 + Complete a list of electrical components of an air conditioner. - V 1 

4 + Select true statements concerning the processes in the cooling cycle, 

5 + State hov\Hhev doling cycl^ is completed; 

. 6 + Select true statements concerning what happens witK fan on continuous oper- 
ation. 

7 + Match compressor motor failures with ways they can be detected. 

8- Match compressor failurps with ways they can be ^detected, ^ 

9- Match failures in condensing sections with tfrerfsB0ssi|p1e causes. 

10 + Select true statements concerning functions of low side section components 
it» an air conditioner. , 



11* Match component proBlems of low side sections with their possible causes. 

i * 

12 + Arrange in order the steps in using a charging table. * 

^ I • T 

13 + f Select true statements concerning the rule of thumb procedure for working 
(Without a' charging tafeLe : : — 

14 + Demonstrate the ability tp: 

a t Troubleshoot an air conditioner condenser section^n a ,l no cooling 11 com- 
plaint. ^ , 

b- ^Perform maintenance on an air conditioner, • 

c, Use a charging table to check' the charge in a capilTSry cooling system. 
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RESIDENTIAL GOGLtNG SYSTEMS* 

ur^iTin . 



I. 

II. 
III. 1 
IV. 

. v. 
vr. 

VII. 
VIM. 

IX. 



SUGGESTED ACTIVITIES 

Provide student with objective sheet. 
Provide student with information and job^heets- " 
Make transparency.,, ? + 

Discuss unit and Specific objectives. s 

«s * • 

Discuss information sheet. - 

v ' ' \ - 

Discuss a^demonstrate the procedures, outlined in the job sheets. 

Invite' a iod&or area service technician to talk tfi the class about troubleshooting 
cooling systems. * * ^ 

Invite an air Conditioning contractor to talk to the class about component fail- 
ures, the importance ofthe'propfcr identification of problems, and cost factors* 
related to* replacement components. 

f. . ' * 

Invite a factory* represenfetive - ^ t§lk to the class about innovations in cooling 
system desigft and the coricept energy efficiency ratings. ^ > ^ 

Give test, . . 



INSTRUCTIONAL MATERIALS * 

Included in this unit: - , 

A. Objective sheet „ ■ * - 

B- ■ Information she£t * 

C. " Transparency Master 1~Typical Charging TaSte \ . ' 

D. Job Sheets ^ ' 

1. Job Sheet #1-Troublest>pot an Air Conditioner- Condenser ^Section _ 
_ on a "No-eooling^Cornptainn ' * '™ 

2. Job Sheet #2-*Perform ftflainjenance on ah Air Conditioner 

3. Job Sheet #3--Use a CharglngTable to Check the Charge in a Capillary 
Cooling System : . ' 

*• * 

E. Test 

F. Answers to t^st • * m - 
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RESIDENTIAL COOLING SYSTEMS 
"UNIT III 



INFORMATION SHEET- 



Terms and definitions- ' 

A. Shrader valve- A gauge port made like an automobile tire*valve 

B. Crankcase heater-A low* vyattage wrap arounc} device that boils refrig- 
erant oift.pf the compressor oil 

C. Lockout relav^C^normally^ closed relay used to open a protective circuit 
while the relay is energized ^ / - 

D. Hard start kit- A starting capacitor and starting relay added to a compressor 
circuit 

E. Suctioh line accuhnulator-A tank used to hold liquid refrigerant which 
would normally flood back to a compressor during cold weather 

^ . J 

F. Halo effect- Electrical discharge arouiftl terminals while under a vacuum, 
causing carbon tracks to deposit on th* inside of a Compressor and short 

circuit the compressor motor winding? \ 

J t ^ *%> 

G. L^v side -The low pressure part oj^ak conditioning equipment, namely* 
the evaporator coil and suction line 

° * y 

H. Charging tables-Graphs or tables which list proper suction and head pres- 
sures at various outdoor temperatures 

(NOTE: Always use table and method recommended by manufacturer.) 
Mechanical components of an air conditioner 

4 

A t Evaporator " * "' 

* * * 

B. Metering device 

I 

C. Liquid line 

D. Suction line 

E. * Compressor \ 

F. Condenser * 

G. Liquid line dryer (optional) 

H. « Servicevalves 1 
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Electrical tfimponerjts of ah air conditioner ■ - 
'A ThermoftSr^ . it ' 

B. , Subbase 

C Condenser fan 
D Transformer * 
> £. Contactor 
F. . High pressure switch (optional) - 
G Low pressure switch (optional) 

H * Crankcase heater(optional) t ■* 

• J. Hard start kit "(optional) 
J. Rup capacitor 

K> Overload protector 

* L Locjcout relay (optional)' 
Processes in the cooling cycle 

A System thermostat calls for lfc Cooling ir 

4 

< B Fan switch" set on automatic ^ / 

C. TC 1 contacts made in thermostat 

D Fan relay coil is energized and the normally open set o( contacts is closed 
and completes circuit to indoor fan motor on high speed ■ * 

* E. The contactor coil isr energized closing the normally open contacts and 
completes the circuit to the compressor and condensing uoit * 

^THow {he cooling cycle is completed 1 

A Thermostat opens * % 

B- Operating circuits de-energize 

What happens with fan on continuous operation 

A. Fan selector switch reads "On" 

- B. Fan relay coil on indoor fan relay (^energized 

C Circuit is completed througX normally open set of contacts which are 
now closed and indoor fan is now in high speed 
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'VII. Compressor motor failures and ways they can be detected 



VIII. 



A- Open windings-Can be detected by connecting at) ohmmeter to the com- 
pressor motor teWTiinafis and reading infinite resistance of the motor windings 

*{NOTE: A hot compressor must be allowed to cool down to permit the 
internal overload switch to close.) * 



B- Shorted windings-Can be ^detected "by connecting .an v ohmmeter to rhQ 
compressor motor jerminals and reading zero -resistance of the rnator wind- 
ings 



(NOTE: The large size of motor windings requfres that anyone checking 
* for a short be able to distingu ish between the extremely low resistance of a 
good winding and the zero resistance in a shorted winding^) 

C« Grounded windings-Can be detected by p onnectfrig an ohmmeter to ground 
and to each of thfe motor terminals and reading a resistance of zero 

(NOTE: Grounded windings which artTalso shorted to eaph ot+ver may be 
caused either by lightning or by halo effect due to compressor operation 
with insufficient refrigerant charge.) * 

Compressor failures and ways they can be detected 

A. * Tight compressor -Can be detected by snapping an ammeter over a power 
wire to the compressor and reading locked rotor amperage while compres- 
sor fails to start , t 

^NOTE; A new compressor that is tight cdft usually be started with aliard * 
start kit.) 



B. Broken motor, shaft -Can be detected by -attaching- compound gauges to 
the g^uge" ports and reading the same pressure on both gauges while the- 
motor is running ^ „ * 

C- Leaking valves-Can be detected ' by, attaching compound gauges to the 7 
gauge port and reading less than normal difference between head pres- 
sure and suction pressure ■ ■> * ' 

(NG7E: Leaking valves can sometimes be determined by feeling the tempera- ^ 
turS of the suction line immediately after^rfbpping the compressor; a hot or 
coid suction line usually means leaking p&lvef.} 

* L 
D. Locked compressor-Can be, determirTeq if the Compressor still won't start 

after aJI efforts to .start it have failed 
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Failures rh condensing sections and their possible causes 

A. Refrigerant leaks- - # 

1- Loose refrigerant line fittings 

2. Improperly made sweat joints or flares 

3. Nail fogies in -refrigerant lines 

B. Condenser fan motor failure - ' y 

1 . Seized bearings due to lack of lubricatiori * 

* 2. Burned motor windings 

■ • - 

3- Capacitor failure 

JNOTE: Capackor failure is seldom a cause of condensor fan motor 
failure.) * 

C. Start capacitor or start relay 

1- Capacitor terminal burned off 

2. Capacitor boiled over ^ 

. {NOTE; Replace th^ start relay when replacing a" start capacitor.) 
0* Rur* capacitor 

1. Open circuit * ^ 

2. Changed capacitance 

* 3. Shorted from leveling orxlistortion 

E. Contactor 

1 . Burned points taking fSoor contact 
, 2. Sticking carriage - 

F. Crankcase heater t ^ 
. .1. Broken. _ 

2,o Burned * * ^ * 
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Functions of low side section components in an air conditioner 

A. Blower section 

1. Mq\$gs air from qccupied space and forces it through the filter and 
coolirTcf-coil , / * 

^ 2. Returns conditioned air to occupied space 

B. C6olingcoil 

1. Removes he£t ahd moisture frorr\ t>ie air passing mrough it p 

2. When Installed in an upflow or counterflow furnace the cooling coil * 
must be shaped to allow condensed moisture to drip downward parallel 

* to the air flow through the coil . * 

(NOTE: Thisjs called an "A" coil.) 

3. Wtoen installed in the horizontal furnace the cooling coil is shaped to - 
allow condensed moftture to drip downward perpendicular to the air 
flow through the coil " J 

(NOTE: This is called a horizontal or slab coil.) f 

C- Condensate pan-Qatcffes condensed water which drips off the coo ting " 
coil » * . 

v" 

I 

D. Condensate drain fitting—A factory instatled short tube soldered into the 
condensate pah, usually 3/4" I.D. copper for the purpose of connecting the — ^ 
drain pan to a field installed drain line * * 

E. Metering devices, x 

1. Capillary tubes , V 

>a* Meters refrigerant to the pooling coil by restricting its flow due to 
S Hts lerrffth and small diameter 

b. * Permits manufacture of lower cost cooling equipment due to 
its lower cost and simplicity 

2. ^herrpostatic expansion valve t h 

a. Meters refrigerant to the cooling coil by restricting its flow by a ^ 
continuous throwing acticui which is controlled by the super heat 
settihij of the valve 

■ b. Permits reliable operation of the cooling coil over a wider tempera- 
ture range thao is practical with othercommon typQS of metering 
devices - * 
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[^^Refrigerant lines-Connect cooling coil to condensing units to^ circulate 
refrigerant in an enclosed systerp * "N^ ^ . 

(NOTE: Refrigerant lines may be either flexible or hard copper, connected 
by sweating or with compression type fittings or quick connect devices, and . 
may be either precharged with refrigerant of dehydrated and filled with dry 
nitrogen. )* 

G. Roorjff thermostat-Regulates the operation of cooling equipment to main- 
tayta desired temperature in.a condiiioned space 

(NOTE: .Room thermostats are remotely installed and field wired. They 
; are usually manufactured to control both heating and cooling with the 
same thermostat, but require a heat/cool subbase.J 

H. Transformer-Converts line voltage to ,24 volts 

. / (NOTE: Due to the presence of larger electrical control loads in an air 
/ conditioner, the transformer must be of larger capacity tjjatr in "heating 
' Qflly" transformers. This requires a minimum of 40 VArtransWrner capa- 
city, which must be added to a "heating only* 1 furnace; a fan relay must be 
added also.) - L / 

Component problems of low side sections and their possible causes , r 

A. t Frozen coil ^ 

1 . Insufficient air flow . " 

a. Dirty filter K * 

b. Dirty coil . * . 

* c, Undersized -ductwork , ' 

. ^2. Low refrigerant charge 

B. Refrigerant leaks at refrigerant line fittings 

1. Galled threads ' 

2. Compression ferrule on backwards 

* 1 4 * * 

3. Incomplete make up of connection 

(NOTE: A fdto drops of compressor oil on a refrigerant line fitting 
will assure a complete run up of the fitting nut J 

C. Leak in evaporator cofl Qr return bends 

1* Vibration ; V 

2. Corrbsiorf _ \_ > 
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D. Expansion vatve 

1. Out'of adjustment or tolerance 

2, Ruptured 

(NOTE; Residential air conditioners and heat pumps have generally 
stopped using expansion valves" in favor of simpler, less expensive 
capillary tubes/There are still manyotd.air conditioners in. service with 
expansion valves.) 

E. , Coil flooded withoit ' 
t 1. Untrapped refrigerant lines 

2< Result of too many compressor changes 
XI I. Steps in using a charging table (Transparency 1 ) 

A. .Attach a refrigeration thermometer to the system's suction line where 
• it enters the condensing unit 4 . 

B. Attach a suction gau9e,to the suction line port, at the condensing unit 

C. Record suction line pressure, ambient temperature, ant! suction line tempera- 
ture / 

D. Suction line temperaturja-j^ading should be within 3° F of table reading 

4 

Example: At 90°F outdoor tennperature and 68 PSlG suction pressure, 
the system will be'cofrectly charge^ if the recorded suction 
line temperature is between 54° and 60°F; a reading above 
60°F woiild indicate an undercharge and a reading below 
£4°F would indicate an overcharge 

XML Rule of thumb procedure for working without a-charging table 

A. Charge to a liquid line pressure equivalent to 30 fl F above ambient tem- 
perature 

- 4 

-B. Suction line pressure should be equivalent to a temperature above freezing 
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RESIDENTIAL COOLING SYSTEMS 
UNITI11 1 



JOB SHEET #1-TROUBLESHOOT AN AIR CONDITIONER CONDENSER 
SECTION ON A "NO COOLING" COMPLAINT 

. Tools-arid equipment \^ 
y\. Screwdrivers t 

B. N^Jt drivers * * % 

C. Voltmeter'ammeterohmmeter 

D. .Gauge manifold t 

E. Gloves 
Procedure - , 

A. Set thermostat switch to "on"; if blower fails to start 

B. ^ Check fuse to furnace; if fuse is OK 

C. Check output of transformer for 24 volts; if transformer is OK 

D. Check 1 line voltage at ftlower motor; if voltage is not present, fan relay is bacf; 
if voltage is present, blower motor is bad 

(NOTE: To troubleshoot an atc^i^g^itioner^ the indoor blower coil section 
must be operating normally wiflfra clearTc^thmtJi^^lfian filter.) 

E. Make sure indoor section is operating noynafly 

t 

F. Check condenser fan operation; if it is ntft operating . 

gA Remove panel and control box cover and note position of contactor car- 
riage; if contactor points are closed * ■* 

(NOTE: Some contactor c^riages are covered with a plastic plate which 
must be removed. Others are mounted in such a way that inspection will 
not indicate whether points are closed or open.) 

H. Press the carriage momentarily inta a closed position with an insulated 
screwdriver 

I. Note fan and compressor responsejf fan and compressor start ^ 

J. ^Check for a broken wire ir% the low voltage 2-wtre cable leading to the 
contactor ' ^ 

(NOTE: Dogs will sometimes chew this cable in two; lawn trimmers also 
cause damage.) ^ ^ ^ 
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m JOB SHEET #1 



V 



K, Check to see if cowt^ctor is closed and fan and compressor will nctf run; if so 

/ 

L. ChecLline volfage to contactor terminals; if there is no voltage 



(NOTE: If contactor operation cannot be determined by inspection, then 
disconnecting or cutting a low voltage control wire to the contactor will 
result ir$ loud click as the connection is made and broken by hand.) 

M. Check fuse to condenser °^|^'^ "' n ^ v *6ltage is present 



N. Check for a tripped safety device, usually a high pressure cut out 

0, Reset safety device and note compressor and fan operation; if no safety 
device is present J * 

P. Fqel the compressor temperature 

(f^OTE: Resetting a tripped high pressure cut out usually completes the 
voltage circuit tip the contactor, and some sophisticated systems require 
considerably more steps in troubleshooting; do not confuse a tiotfcom pressor 
with the effect of a normally operating crankcase heater; a compressor may 
be considered hot when it is too hot to hold a hand on for a>few seconds*) 

G, Check for hot compressor that will not run; this indicates compressor 
y is knocked out on internal overload* 



(NOTE: This does not necessarily affect the condenser fan J * 

* 1 - t 

R, Check to see it contactor is closed; if fan does not run 

# * 

S, Check for a bad condenser fan motor; if it is OK*and high pressure cut 
out has been tripped or compressor is out on internal overload 

(NOTE: A condenser fan j motor does not Always go bad all at once; some- 
times it will run fjtf an hour or more before it will h^at up and quit; by the 
time a service technician arrives, it has cooled off and may run beautifully 
when energized J 

Check for cause of high pressure head 

(NOTE: Leaves, grass clippings", drier Unt, etc, can stop up a condenser coil 
and cause high head pressure, or it could be caused by a newspaper or other 
debris obstructing air floyY; whatever the cause, the condenser coil must be 



cleaned J 



0, Determine that there is no apparent reason for high head pressure and 
that* the high pressure cut out' is tripped and the fan and compressor both 
run when reset, then / 
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W. 



JOB SHEET #1 

Follow procedure for checking the cut out point of the high pressure cut 
out; if compressor fails to run when line voltage is aplied to compressor 
terminals 

(NOTE : Install gauge manifold, start equipment, note pressure; block air 
flow through condenser coil with newspaper until cut out trips and note cut 
out pressure; this should be approximately 400 psi -) 

Follow procedures for checking out hard start kit, capacitor, and compressor 
windtngs 

Replace control box cover and panel and all screws 



Y. Clean up ares' and put tools away , 
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UNIT III " 



ACR IV - 131 



JOB SHEET #2-PER FORM MAINTENANCE ON AN AIR CONDITIONER 
Tools and equipment . 

A. Screwdrivers ^ 

B. Nut drivers / 

C. Ammeter-vottmeter-ohmmeter 

0. Gauge manifold * - 
E. Gloves 

Procedure m ' * * ' . 

A< Follow procedure for periodic maintenance call on indoor section 

B. Remove panel and control box, cover- from condensing unit 

C. Measure amperage of condenser fan and compare with fan motor specifi- 
cations on nam&plate 

D t Measure amperage of compressor and compare with compressor motor 
specifications on nameplate 

E. Kill power to unit, gain access to motor, and oil according to manufacturer s 
instructions; if condenser fan is mounted horizontally check to see if it can 
be oiled 1 

(NOTE: Many condenser fan motors are mounted vertically and cannot be 
lubricated; even many horizontal ones cannot be lubricated.) 



Touch crankcase heater to determine condition 



G. Inspect condensec coil and clean with coil cleaner if dirty 

H. Inspect terminals on capacitors, contactor, anaN:ompressor for corrosion and 
burning * \ 



\ 



I. 



Check cut out pressure of high pressure cut out if present 

V) 

J. , Check operation of lock out relay if present f | 

K. Connect gauge manifold" and determine operating pressures; if suction 
^ pressure corre§por>ds ta below freezing evaporator tempera ture\add refriger- 
ant ■ * 

(NOTE: Most systems use R-22 refrigerant; nevertheless, there are'several 
manufacturers which use other refrigerants; be positive which refrigerant is 
used before adding any; refrigerant data is usually on the nameptate.) \ 
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L. ' Check head pressure > ' " , 

* * 

(NOTE: With section, pressure at proper level, *he head pressure should 
be bpproxirn^tely 30° above ambient temperature. New high efficiency 
units have head .pressures 20° above ambifnt; however,, variable speed and 
multispeed condenser fans will cpnfuse these readjpgs unless the fan control 
, is bypassed and set on high speed during the rflaintenance call) 

M, Shit down condensing unit and note- speed at which suction pressure and 
head pressure*equalize while feeling temperature of suction line 

i t 

(NOTE: Too slow equalization of suction pressure indicates insufficient 
size or kinks inJiquid line,) ^ 

N. Replace control box cover, panel, and all screws- 

■ 0/ Clean up topis and area,and put tools away 



/ 
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RESIDENTIAL COOLING SYSTEMS 
' . UNIT I J r 

.? 

JOB SHEET #3- USE A CHARGING TABLE TO CHECK THE CHARGE 
"IN A CAPILLARY COOLING SYSTEM 

a r 4 

I. Tobls and equipment 

A. Service technician's tool pouch r 

B. Shop rags m ^ 

C. Refrigeration thermometer or thermometer feeler bulb 

k 

. D. * Suction or compound gauge 

E. Pencil and paper 

F. Coaling system as selected by ih^tructor 

J 1 * " 

II. Procedure 

A. Attach a refrigeration thermometer or thermometer feeler' bulb securely 
* - * to the system's suction line where it enters the condensing unit 

^ B, fnsulate around the connection with shop rags to insure anaccurate reading 

C. Attach a suction or compound gauge to the suction line port at the con- 
. densing unit s • 

. * \ 

D. Allow suction line pressure to stabilize for 10 ton 5 minutes ^ 

E. Read and record 

^ 1. Suctio/i line pressure 

2. Ambient temperature 



3. Suction line temperature 



F, Compare figures in the charging table with suction line pressure and ambient 
temperature (Figure 1) 

(NOTE: The unit suction line temperature should be within 3*F of ^he 
phart reding for the unit to indicate a propfer charge.) 

G, Compare system readings wth chart readings; if unit suction line temperature 
is higher that 3*F over the value given, the system is undercharged 

H, Compare system readings with chart readings; if unit suction line tem- 
perature is lower than 3*F below the value given, the system is overcharged 
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JOB. SHEET #3 



I Establish a condition of undercharge or overcharge and continue 
J Check for low indoor unit airflow 
K Check for restrictions jn refrigerant line + 
L . Check your findings with your iratry^tor^ 
M Clean up area and return tools * r 
FIGURE 1 
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RESIDENTIAL COOLING SYSTEMS 
UNIT III 



NAME_ 
TEST 



1. . Match the terms on the right with their correct definitions. 



a. A gauge port made like an automobile tire 
valve* 



^b. A- low wattage wrap around device that 

botls refrigerant out of the compressor 
oil - 

c. ft normally ,closed relay used to open a 

protective circuit while the rela^ is ene/gized 

d. A starting capacitor and starting relay acicted 

to a compressor circuit . } 

e. A tapk used to hold liquid refrigerant which 

would normally flood back to a compressor 
during cold weather * * 

f. Electrical discharge around ter/ninals while * 

under a vacuum, causing carbon tracks to 
deposit on the* inside of a compressor and 
short circuit the compressor motor windings 

" g. The low pressure part of air conditioning * 

equipment, namely the evaporator eojl 
and suction line i 

h. Graphs or tables^which list proper suction and 

head pressures at various outdoor tempera* 
ture^ 

2, Complete a list of mechanical components of an air conditioner, 
a. 

b. ^ : ■ ■ , , 

Cp t ' 

d. • , 

e. Compressor 

. ) . . . • i 

f. Condenser 



1. 


Suction line 




accumulator 


2. 


Charging tables 


3. 


Shrader valve 


4. 


Halo effect 


5. 


Crankcase 




heater 


6. 


/ 

Lowsiae 


7. ■ 


Lockout relay 


8. 


Hard start kit 
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g. Liquid line dryer 

h. Service valves 
3, Complete a list of electrical com 



Stents of an air 



conditioner. 



a. * 




b. 




c. 




d. 




e. 


- 


f. 


High pressure switch 


g. 


Low pressure switch 




Crankcase heater 


]. 


Hard start kit 


)■ 


Run capacitor 




Overload protector 




Lodkout relay 




4. Select true statements concerning processes in the cooling cycle by placing an "X M in' 
the appropriate blanks. 

y 

a. System thermostat calls for "Cooling" 



b. Fan switch set on manual 

c, TC 1 contacts made in thermostat 



jd. Fan relay coil is energized and the normally open setcof contacts is closed 
and completes circuit to indoor fantnotor on high speed 

_.e. The contactor coil is energized closing the normally open contacts and 
completes the circuit to the compressor and condensing unit' 



r 



5, State how the cooling cycle is completed^ 

a. * 

/ b.\ * ^ * 



7 Or* 
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6. Select true statements concerning .what happens with, fan i>n continuous operation 
by placing an "X 11 in the apprdpriate blanks. 

a. Fan selector switch reads "On" > 

i 

b. Fan relay coil on indoor fan reiay is energized 



c. Circuit is jcompleted through normally open set of, contacts which are 
now closed*and indo^jpfan is now in high speed , / 



7, Match compressor motor failures vtflth ways they can be detected. 



a. Can be detected, by connecting an ohmmeter 
* to the # compressor motor terminals and 

reading^ infinite resistance of the motor 
windings / 

b. Can be detected by connecting an ohmmeter 
to the compressor motor terminals and 

4 readmg zero resistance of the mo tor* windings 

_c. Can besiJetacted by connecting an oHtnmeter 
to ground and to each of th<Trr£>?tfr terminals 
and reading a resistance of zero ^ 



8. Match compressor failures With ways they can be detected. 



a. Can be detected by snapping arvamroeter over 
a power wire >to the comp£essor,and reading 
locked rotor amperage while cgmpressgr fails 
to start * * ' - 



b* Can t be , de tected by attach i_ng_.jcompound- 
gauges, to the gauge ports and reading the 
same pressure on both gauges while the motor 
- is running - 

c. Can- be deteetfed by attaching 'compound 
gauges to the gauge port and reading less than 
normal difference between head pressure and 
suctipri pressure 

d. Can be determine if thfc* compressor still 
won T t start after all efforts to start it have 
failed 



■1. 

2. 
3. 



Shorted windings - 
Grounded iAindrngs 
Open windings 



Broken miStor 
shaft 

Leaking valves 
" Locked compressor 
4. -Tight compressor 



2. 
3. 



/ 
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9. Match failures in condensing sections with their possible causes. * 



e. 



Loose refrigerant line* fittings 

Improperly made sweat joints or 
flares 

Nail holes in refrigerant lines 

Seized bearings due to lack of lub- 
rication 

Burned motor windings 

Capacitor failure * * 

Capacitor terminal.bumed off 

Capacitof boiled over 

Opeq circuit 

Changed capacitance, 

Shorted from leveling or distortion 

Burned 1 pojnts making pW contact 

Sticking carriage 

Broken 

Burned 



2. 
3. 
4. 

5. 
6. 



Condenser fan 
motor failure 

Refrigerant leaks 

Run capacitor 

Stqxt capacitor 
or start relay 

Crankcase heater 

Contactor 



10,* Select true statements concerning functions of low side section components in an 
1 air conditioner by placing an "X" in the appropriate blanks 

(NOTE: For a statement to be true, all parts of the statement must be\ru6.) 

a. Blower section 



1f Moves afr from occupied space, and forces it through the filter 
and cooling coil 

n 2) Returns conditioned air to occupied space J 

Cooling coil _ _ 

^JV^emoves heat and moisture from the J^^ssing through it 

2) When installed jn an upflow or counterflow furnace the cooling 
coil must be shaped to allow condensed moisture to drip down* 
ward parallel to the air flow through the coil. 



3} When installed mSftie horizontal furnace the cooling coil is shaped 
to allow condensed moisture to drip downward perpendicular 
to the air flow through the coil 
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Condensate pan-Catches condensed water which drips off the cooling 
(foil j i 

Condensate drain fitting»A fapt^ry installed short tube soldered into 
the condensate pan, usuany^/4 M I.D. copper for the purpose of con-' 
necting the drain pan to a field installed drain Line 

Metering devices 

1) Capjllary tubes 

a) Meters refrigerant to the cooling coil by restricting itsiloyv 
with a miniature valve 

b) Is expensive to manufacture % 

2} Thermostat^ expansion valve f v 

a) Meters refrigerant to the cgoling coil by restricting its flow 
by a continuous throttling action which is controlled by the 
super heat setting of the valve 

% B) Permits reliable operation of the cooling coll over a wider 
temperature range than is practical with other common types 
* *- of metering devices 

Refrigerant lines-Connect cooling coil to condensing units to circulate 
refrigerant in an enclosed system 

Room thermostat-Regulates the operation of coolirjg eqaipmennto 
maintain a desired temperature in a conditioned spa^e 

Transformer-Conyerts line voltage to 12 volts * 



Match component problems of low side sections with/tfteir probable causes. 

i 1 " 



/ 



1) -insufficient air flow 
a) . Dirty filter 

fa) Dirty coil 

c} Undersized ductwork 1 

2) Low i^frigerant charge 
1) Galled threads ' 



2) Compression ferrule on backwards 

3} Incomfflete make up of connection 
i , 



1. Frozen coil 

■v Lei 
>cpil or return bends 



2<k Leak in evaporator 



3. CoiL flooded with 
oil 

4. Expansion valve 

5. Refrigeranrleaks at 
refrigerant line fit- 
tings 
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c. 1) Vibration 



2) Corrosion 

f d . 1) Out of adjustment or tolerance 

2) Ruptured 

e. 1) Uhtrapped refrigerant lin^s 

' 2) ( Result of too many compressor changes 

12. Arrange" in order the steps in using a charging table by placing the correct sequence 
number in the appropriate blank 

a. Record suction line pressure, ambiejit lem-, ■ 

-perature, and suction linetemperature « * * 

b; Suction , line temperature reAing should 

be within 3°F of tableyreading 
■ _ • 

c v Attach a refrigeration thermometer to the 

„ system's suctiorr line where it enters the * 
condensing unit - 

d« Aftach a 'suction gauae to the~sufctton line 

^ port.at the condensing unit 

13. * Select true statements concerning the rule, of thumb procedure for working without 

a charging table by placing an "X M inthe appropriate tSlanks,, 

r * \< " ■ 
m a. Charge to a liquid line pressure equivalent to 30 F above ambient teijn- 

perature 

__*b. Suction line pressure shbuld be equivalent to a temperature above freezing 



14. Demonstrate the ability to: 

a. Trouble shoot an aiVconditioner condenser section on a 11 no cooling/* com- 
plaint * 

Perform maintenance on an air conditioner. . * 

Use a charging table tocljeck the charge in a capillary cooling system, * * 

(NOTE; If these activities have not been accomplished prior to the test, ask your 
instructor when they should be completed^ 
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RESIDENTIAL COOLING SYSTEMS 
UNIT III 



ANSWERS TO TEST 



a. 


3 ■ 


e. 


i 






b. 


5 


f. 


4 






c. 


7 


g-- 


6 






d. 


CO 


h. 


2 







a. Evaporator 

b. Metering device 

c. Liquid line 

d. . Suction line 



a. 
b, 
c, 
d, 
e. 



Thermostat 
Subbase 
Condenser fan 
Transformer 
Contactor 



4, a, c, d, e 

C - * 

5. a. Thermostat opens 

b< Operating circuits de-energize 



6. 
7, 



a, b, c 



a. 
8. 
c. 



3 
1 

2 



a. 
b. 
c. 
d. 



4 

1 
2 
3 



a. 
b. 
c. 



2 
1 
4 



10. 
11. 



a, b, c, d, f, g 



a. 
b. 
c. 



1 

5 
2 



d. 
e. 
f. 



d. 



3 



4 

3 



12. 



a. 
b. 
c. 
d. 



3 
4 
1 
2 



13. a, b 

14, Performance skills evaluated to tKe satisfaction of the instructor 

* Ox 

r * 
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HEAT PUMP SYSTEMS 
UNITW 



UNIT-OBJECTIVE 

After completion of this unit, the student should be able to identify heat pumps in the 
heating, cooling, and defrost modes and describe' the operation of a reversing valve. The 
student should also be able to trace operational circuits for heat pumps and troubleshoot 
heat pumps with heating or coolirxg problems. This knowledge will be evidenced by cor 
rectly performing the procedures outlined in the assignment and job sheets and by scoring 
85 percent on the unit test. 

*"* * 
SPECIFIC OBJECTIVES 

After completion o f f this .unit, the student should be able to: 

" 1 . Match terms related to heat pump systems with their correct definitions. 

2. Identify the components of a heat pump. ■ 

3. Identify the components of a 4-way reversing valve. 

4. Differentiate between the operation of a 4-way reversing valve in the hfeating 
mode and cooling mode. 

* . 5- Select true statements concerning the operation of a heat pump in the defrost 

mode. ^ 

* 6. Identify the components of a heat pump indoor section. 

7. Complete a chart showing the characteristics, advantages, and disadvantages 
of heat pump systems. 

B., Gpmplete a chart showing the differences between components of indoor sec- 
tions of heat pumps and lo,w side sections pf air conditioners. 

9. Complete^ a list showing common component failures of heat pumps in the 
cooling mode. 

10. Complete a sketch showing the proper installation of an electric strip h^ajer. 

11. Complete a list of s&ecial precautions for replacing reversing valves. 

12. State two major rules^or^good heat pump operation. 

13. Trace operational circuits for a heat pump in the cooling mode. 

14. Tr^ce operational circuits for first stag^heating in a heat pump, 

15. Trace operational circuits for a heat pump in the defrost mode. 



144 



16 Ti i< o operational circuits- for second stage supplementary heat in a heat pump. 
1 7. Demonstrate the ability to: ^ 
a Wire a control system foca heat pump. 



jojLajieat 



b Troubleshoot a heat pump indoor section in the cooling mode, 

c Perform maintenance on an indoor, section dt a .heat pump in the cooling 
mode. 

d^ Troubleshoot a heat pump on a "no cooling" complaint. 

e Troubleshoot a heat pump outdoor section on an 11 insufficient cooling 1 * 
complaint. 



f. Perform maintenance on an outdoor section of a heat pump in the cool- 
ing mode, _ 

g Troubleshoot supplemental heat on a heat pump. 



Perform maintenance on heat pump supplemental heating, 

Troubleshoot a heat pump on a "noVieat" complaint when compressor will 
not run. - • f 



}. Troubleshoot a heat pump on a "po heat" complaint when compressor runs 
but cycles on compressor overload, 

k. Troubleshoot a heat pump on an "insufficient h£at" complaint when com- 
pressor will run. 



/ 
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HEAT PUMP SYSTEMS 
UNIT IV 



SUGGESTED ACTIVITIES 
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I. Provide student with objective sheet. 

H. Provide student with informarion, assignment, and job sheets. 

IN. Make transparencies. x 

IV. Discuss unit and specific objectives. - ^ 

V. Discuss information and assignment sheets. 

VI. Discuss and demonstrate the procedures outlined in the job sheets. 

VIL Invite a homeowner with a heat pCimp system to talk, to the class- concerning 
inrtiaf^ costs, operational costs, and benefits or- problems Experienced with the 
system. * 

VHI. Demonstrate to the class how a heat pump system can be used to preheat domes- 
tic hot water. 

IX, Invite a local or area contractor who installs solar^evices to talk to the class con- 
cerning supplementary solar applications for heatptfmps. 

X. Invite a manufacturer's representative to talk to the class concerning improve* 
jpents in heat pump design and performance in the past few years. 

XI. Discuss and demonstrate to T the, class the various methods used to accomplish 
the defrost cycle in a {jeat pump, and prepare a wiring diagram to show typical 
defrost cycle circuit. 

XII. * Give test. 1 



INSTRUCTIONAL MATERIALS 



Included in this unit; 

A. Objective sheet 

B. Information sheet * 

C. Transparency masters 



1. TM 1 -Components of a Heat Pump 

2. TM 2-Components of<a 4-Way Reversing Valve 

3. TM 3--0peration of "a^Way Reversing Valve* 
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E. 
F. 



4. TM 4 -Heat Pump in Defrost Mode 

5. TM 5-Components of a Heat Pump Indoor Section 

6. TM 6-Supplementaf^fectric Heater and TypicaJ Installation 
Assignment sheets \ 

1. Assignment Sheet .#1 -Trace Operational Circuits for a Heat Pump 
in the Cooling Mode . • 

* * w - 

2. -Assignment Sheet #2--Trace Operational Circuits for First Stage Heat- 
ing in a Heat Pump, , . 

3. Assignment Sheet #3-Trace Operational Circuits for a Heat Pump 
in the Defrost Mode 

4. Assignment Sheet #4-Trace Operational Circuits for Second Stage 
Supplementary Heat in a Keat Pump 

Answers to assignmentsheets 

Job sheets 

, 1. Job Sheet #1-Wire a Control System fors Heat Pump 

»■ _ „ i 

2. Job Sheet #2--Troubleshoot a Heat Pump Indoor Section in the Cool- 
"ing Mode " ^ " 

3. Job Sheet ^3-Perform Maintenance on an Indoor Section of 3, Heat 
puinp in the Cooling Mode 

4. Job Sherft #4-Troubleshoot a Heat Pump on a "(\|o Cooling", Com 



plaint 



5. Job Sheet #5--Troubleshoot* a Heart Pump Outdoor Section on an 
"Insufficient Cooling" Complaint 

6, Job Sheet #6- Perform Maintenance on an Outdoor Section of a Heat 
Pump in the Cooling Mode * 

. 7. Jo|> Sheet #7--Troubieshoot Supplemental Heat on a Heat Pump 

8. Job Sheet* #8 -Perform Maintenance on Heat Pump Supplemental Heat* 
ing " " . - 

9. Job Sheet #£)--Troubleshoot a Heat Pump on a "No Heat" Complaint 
When Compressor Wil^Wot Run 

10. Job Sheet #10 -Troubles hoot a Heat Pump on a "No Heat" CompfSkt 
When Compressor Runs but Cycles on Compressor Qverload - 

t1- Job Sheet #11 -Troubleshoot a Heat Pump on an "insufficient Heat" 
Complaint When Compressor Will Run 

G. Test % 

H. Answers to test ' 



' ACR IV 
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HEAT PUMP SYSTEMS 
. UNIT IV 



INFORMATION SHEET 



4$ 




,r 



Terms and definitions 
A 



Heat pump- Basically a refrigerated air conditioning system with two re- 
frigerant coils and a valve to reverse the flow of refrigerant 



B. Reversing valve-A heat pump control valve used to switch from heating 
mode to cooling mode by reversing the compressor connections to the 
inside and outside coils 

C. Suction line- Refrigerant line that directs low pressure vapor from the 
evaporator coil to the compressor 

0. Heat exchanger»A device used to transfer heat 
4 

E. * Heat sink»A relatively cool substance that can readily absorb heat 

F. Ground coil-A heat exchanger which is buried in the ground anS func- 
tions as either a condenser or evaporator 

G. Geotherma^well-A heat exchanger which utilizes well, pond, or ( a ke water 
as either a con<^rtser o^ evaporator 

Components of a heat pump (Transparency 1) 

fK. Indoor and outdoor refrigerant coils 

* 

B. Compressor % " 

C. Indoor and outdoor metering devices 
Indoor and outdoor check valves 
4-way reversing valve 
Piston 



% 



Piston bleed ports 



H 



Crankcase heater 
I: - Accumulator 
J. Indoor and outdoor blowers 
K. Solenoid " 



1"? 
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INFORMATION SHEET' 

III. - Components of a 4-way reversing valve (Transparency 2) 

A. Connection to discharge tine of compressor 

B, Connection to suction line of compressor 
C Connection to outside coil 

0. Connection to inside coil 

V 

* * 

E. Piston 

P. Solenoid and activating device 
.- - • 
G. Piston bleed port? # 
§ 

IV. Operation of a 4 -way 'reversing valve (Transparency 3) 

t t 

A* Heating mode 

1. Solenoid is.energized 

2. Piston moves into heating position 

3. Suction line of the compressor js connected to the outside Coil making 
it an evaporator ' y 

4. Discharge line of compressor is connected to the insid^ co\\ making it a 
condenser 

B. Cooling mode 

1 . Solenoid is de-energized 

2. Piston returns to cooling position 

♦ 3. Suction line of the compressor is connected to the f insrde coil making it 
an ev^yator * 

4. Discharge line of the compressor Js connected to the outside coil 
making it a condenser ^ 

Operation of a heat pump in the defrost mode (Transparency 4) 

A. The defrost cycle is irfitiated by preset 'tiTOe controls, preset temperature 
'controls, or preset controls to measure pressure drop across the outside coil 

(NOTE: Methods d\ initiating the dlffost cycle vary with manufacturer, 
and some system/" may use combinations, of tirnG, temperature, and pres- 
sure.) 

118 
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VI. 



B. The reversing valve reverses the heat pump from the heating to the cooling 
cycle on a preset schedule 



Hot gas - from thqgfiom pressor discharge line is directed to th,e outside coil 

Frost accumulation on the outside* coil is removed • ^ 

The^outside blower is shut off 'to reduce cold airflow and essist,the melting 
process ' " 

Supplementary heat systems are energized 

After frost has been removed from the outside coil, the cycle is reversed 



H. The defrost cycle is terminated by preset time controls, preset temperature 
controls, or preset controls to measure pressure rise across the outside coil 

• 

(NOTE: Methods of terminating the defrost cycle vary with manufecturer, 
and some systems may use combinations of time, temperature, and pre- 
sure.) 

Components of af heat pump indoor section (Transparency 5) 
Cabinet - t 



A. 
B. 
C. 
D. 
E. 
F. 
G. 



Filter and cold air inlet 

Heating elements of nichrome wire or tubular cased wire 
Blower assembly 
, "Blower and limit control switches 
Heat exchange chamber and warm air outlet 
Indoor coil 



H, Supplementary he£t controls and sequencing relays 



1B2 



•s 



VII. 



VIII, 



INFORMATION SHEfr . . 

Characteristics, advantages, and disadvantages of heat pump systems 



Typeof System 


Air to Air 


Air to Water 


Characteristics 


Uses atmosphere t,o cool 
condenser or to absorb* 
heat from evaporator 

Requires a blower to pro- 
vide air movement across 
outdoor coil 


|*b^s the ground or a bpdy 
of water to provide cool- 
ing or heat absorption 

* ♦ 

Can use a geothermal well * 

Requires no blower for out- 
door coil 


Advantages 


Efficiept in milder 
Climates J 
* 

— " # 


^ ' 

* High efficiency because 
ground or water acts a^a-Keat 
^exchanger / < 

Can use recirculated*, water for 
cciciVtnn and <inlar rrtUertrtrt for 
additional heat * , } 

Can be usecTto'prtf^eat hot 
water * : J 


Disadvantages 

* 

* 


♦ Capacity and performance 
lowers as temperature 
drops i - ■ ♦ 

j * 

Less efficient in cold 
climates 

Requires supplemental 
heating 

4 * 


Requires supplemental heating 

* 

* * 

5, 

* T 

4 . * 1 , 
■* * ^ " 



Diffefrences between components of indoor sections of heat pumps and lt>w side 
sections of air conditioners ^- * . + , ** , 



Component " 


Heat Pump 


Ate Conditioner 

4 „ — 


Blower Section 


Driven by a 230 V motor 


Driven^y a 1 1 B-V motor 


M^ering Device 


Always has a check-valve + 
and a bypass arrangement 1 


Jjas no ahgpk valve or bypass M 


Thermostat 


Controls'one stage of cool* 
ing and two stages of heat- 
ing, and may contain a manu- 
ally operated emergency heat 
switch^ * 


Controls one stage %i cooling 
and one ^tage of heating 


Transformer - 


Located in outdoor section 
instead of in air handler 
' and is 230 volts 


Located ifl the furnace and is 
115 volts « . 

* 



1.50 



.* 1 
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IX. . Common component failures of heat p'umps in the cooling mode t 

(■NOTE: All common failures of air conditioners also'apply^ to heat pumpsJ 
As Transformer I ^ 

J- Blown fuse 

2^ Burned out windings ' ^ * * 

B, Reversing valve* " 

1, Leaking valves ^ 

2, Stuck piston 

* (NOTE: A stuck piston canbe detected by feeling the temperature 
of the tubing stubs and pilot valve tubes.) 

3, Burned out solenoicj . 

X. Genial rules for installation of supplemental heating strips 
(Transparency 6) 

A* Heating strip^ should never be installed \rom the bottorft or top of the duct 

B. Heating strips should always be installed \n the discharge side of any air 
handling equipment 

C. JControls for strip heaters must be readily accessabl^ 
Special precautions for replacing reversing valves 

A. Nevferexpose a reversing valve to excessive heat 

(NOTE: Wrapping a valve with a wet cloth can help moderate heat when, 
brazing lines in the system,) - v 

B. Keep the inside tubes of the valve and the system free of all foreign material 

■ * * 

(NOTE; Flux, dirt, or even moisture can impair operation of a revers- 
ing valve and contribute to premature failure,) 

C Never striken reversing valve with a hammer or any tool that could dent or 
bend any p^rt of the valve * 

D. Install a reversing valve in a Location on the refrigerant line that will help 
keep vibration from the cbmpressorat a minimum 



XI. 



/ 
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Two major rules for good heat pump operation 

A* Fifters^griMes, and coils must be kept clean to assure adequate air circulation 

B. The refrigerant charge for the system should always be at the proper 
pressures 



r 
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Components of a Heat Pump 



Compressor 
Crankcase hleater 




Ptston Bleed Ports 



Solenoid 



Piston 

* 

Indoor Metering Device 



Accumulator 




4— Way Reversing Valve 
Outdoor Metering Device ' 

Outdoor Blower 

^ \ " v 1 0 * / 



'A., 





Indoor Blower 



Indoor Check Valve 



Outdoor Check Valve 



Indoor Refrigerant Coil 



Outdoor Refrigerant Coil 



> 

o 



Components of a 4-Way Reversing Valve 



Connection to Discharge Line of Compressor 



Piston Bleed Ports 



^ Solenoid and Activating 
Device 




Connection to 
Suction Line . 
of Compressor 



Connection to Inside Coil 



1 

Connection to. Outside Coil 



to 



is 3 
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Operation of a 4-Way Reversing Valve 



\ 



High Pressure 



i 



m 




,-24V Solenoid 
Suction 



Cooling Mode 




Heating Mode 

* 

(Courtly of Lennox Industries Inc., 'Dallas', Texas) 

J- o < 



TM 3 



Heat Pump in Defrost Mode 



Thermostat Calls For Heating- 




/ 



Fan Off 



& 6 

Ice Is'MehecT Off Coil 



53 



is 



{Courtesy of Lennox Industries lnc v Dallas/Texas) 
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Components of a Heat Pump Indoor Section 



Filter and 
Cold Air Inlet 



Indoor Coil^ <?■ 




Blovyer and Limit Control, Switphes 

Blower Assembly 

Supplementary Heat 
\^~^ Controls and 

Sequencing Relay 

! - 

\i> ' " -, (Courtesy of Lennox Industries Inc., Dallas, Texas) 



Heating Elements 
of Nichrome Wire 
or Tubular 



Cased Wire 
J 



Heat Exchange Chamber ^ 
and Warn}) Air Outlet , . 



1G1 



Supplemental Electric Heater 
^nd Typical Installation 



iiiiwui'l 



'i'-.i'.ii^ j ! 




1 




(Courtesy of Lennox Industries Inc., Dalles, Texas) 



i 



ACRIV-167 



HEAT PUMP SYSTEMS 
UNIT IV 



/ 



ASSIGNMENT SHEET #1 -TRACE OPERATIONAL CIRCUITS 
FOR A HEAT PUMP IN THE COOLING MODE 




^ ! ^°P T ll opt * , 

iL \ E ^ w 



FAN I [AjLT ff 

SELECTOR , qj£"j 1 



thermostat- 



SiiHI l li 



rr 



JJ 



Electric heat accessory 
wiring compu6swith 
national electric code 



&G£r*D 



CONTR 
RELAY 
RELAY 
RELAY 
RELAY 
RElav 
RELAV 
RELAY 
RELAY 
RELAY 
RELAY 



M 
1R 
JR 
£ft 1 
3R : 
3R 3 
4R \ 
4ft 7 
tOR 
MR 
1?R 



2PND Corner h O 0 Fan Motor 
SPND Compf MotOr 1 Starter 
SPNO I 0 Fan Motor 
SPNO OelfOjt tn*t*ai*Dn 
SPNO OeffOti Holing 
SPND Detcosi-lfKJOOr Au* Heat 
SPNO <sf Stage h*eat- R V Sol 
SPNO Ht Stage Heai-G>mo* 
SPNO ZrnJ Sl*9* Heat \ t 
SPNO 3#<! Stage Heat iTime OefcaYl 
SPNO 4th Stage Heat (Time Qgia Y > 



PES 
T 

*C 

$C 

M 

FU 
TC 
TH 
TB 
00 T 
R V 



Tramfo* mer 
Running Ca&acitor 
Starting Gompr 
Heater iAKW) 
Fu« 

T he» moiiat - Cool mg 

TherrnDtiat- Meaitng 

Terminal Stock 

T Kef mos tat-Du tdoo r 

RV Reversing Vaivo Soteno*d 



HP 
TLS 
DTS 
& ' 

a 

o 



High Pretture Cutout 
Thermal Limit Switch " v 
OeJro^t Termination 
'Terminal Block-Room Thefm H 
Terminal BlOCk-Unit 
Termmai BiDCk-Ouc; Heater 
Identified Terminal on 
Running Capacitor 
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HEAT PUMP SYSTEMS 
UNIT IV 



ASSIGNMENT SHEET #2- TRACE OPERATIONAL CIRCUITS- * 
• * FOR FfRST STAGE HEATING IN A H&T PUMP 



9 




1 O F*H MOYc* 
U 



if 



T**H*r e ****** «' 



i 




— © 



3 



<3 



*0 ft 



lift » T L 1-J £ y /— , 

I 1 1 — r - -'-2 — — — f — 



~* U " T L ;£~ " " ^77? ELECTRIC HEAT ACCESSORY 

Tii t ^ ^ — ' | | WIRING COMPLIES WITH 

.4 NATIONAL ELECTRIC tOt>E 












LEGENO ' / t 




CONTR 


M 


3PNO C^mOf *r 0 0"Fan Molor 


wes 


Reiittor * i * 


HP 


RELAY 


1ft 


SPNOComof Mftior Slarter 


T 


Transformer 


TLS 


RELAY 


?R 


SPNO 1 0 P** Motor 


RC 


Running CiDatUor 


OTS 


RELAY 


3R t 


$PNO Oefron lr»Mi*(K)f> 


SC 


Starting Compr 


■ A 


RELAY 


3R3 


SPNO Oelro-n *old»r>g 


H * 




© 


RELAY 


3R-3 


SPND OefrGTl-lncteOr Aux H^ax 


/u 






RELAY 


4ftl 


SPNO in Staoe qe*i-R C Sol _ 


TC 


Tt%ermoita<-Coo*tr»9 ^ 




RELAY 




SPNO 1st Stao* Heat-Compr 


TH- 


Therrtiottai-Heafejg a A 




RELAY 


IQft 


SPNO 2nd Slag* Htai 


TB* 


Te rm»na» Rloc* w " c 




RELAY 


11R 


SPNO 3rd St»ot Hea, {T*mc4>i*Y> 


OOT 


Th ermoita I - Outdoor . * ■ | 




RELAY 


12R 


SPN04th Stage Heat (Time Oetay) 


R + V 


Reverting Valve Solsgoid % 





H*igJ Pretsyre CvtOul 
Thermal Lirnit Switch 
0* t <roit Termination 
Term*oa* Block-Room The#m + 
Terminal Block -Um* 
Termifiai Block-Quci Heater 
Identified Terminal on ^ 
Running Capjcttor t 
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HEAT PUMP SYSTEMS 
UNIT IV ~ 



ASSIGNMENT SHEET #3-TRACE OPE RATIONAL CIRCUITS 
t FOR A HEAT PUMP IN THE DEFROST MODE ■ 



(NOTE ' Be sure to consider what happens with the outdoor fan and reversing valve.) 



/ 



IV Li 
□ 



SRC 

_ _ _ OP TAN MnOTott ] KlS 




^ 



I MO r 11 } 

j 



2* 



Lll I'll * -p*. 



r>iiT ELECTfllC meat Accessory 

^ I WIRING COMPLie^WlTH 



J 



NATIONAL ELECTRIC CODE 



LEGEND 



CONTfS M l 
flUAY 1R 
RELAY ?R 
* R£L A y 3R I 
R£LAY_^R ? 
RELAY 3«0 
'RELAY 4R) 
RELAY 4Rfl 
RELAY ' 
hRElAV UR 



?PMO Compr p 0 0 f an Moioi 
SPNO Comer Motor Suj> er 
SPNO I 0 Pan Motor 
SPNO OetroU lnm*i>pn 
SPNO Oel*oi( HoW*o9" 
SPNO O***ott«thdw># Aun Heai 
SPt*0 In St»9*HMi-«t 3bi 
tS^N'O^t Sl*9? Heat-Conipr 
S?Nfj jgg jgtjy Heat 
SPNCT^fJt#*^J( fi^me Oe<a< 




R£S 
T 

RC 
SC 

H 

FU 
TC 




fieirclor 
Transformer " 
Running Capaotor 
Sorting Compr 

fyjve ^ 
T hefmoilal - Cooing 
^Thermo(tat» Heatmg 
Terminal Block 
Th«rmo*tat- Outdoor 
Reverjmo VjalvgSofon Solenoid 



TL& 
OTS 

a . 



Htgh Pressure puiOut * 
Thermal Limn Switch 
Oelroit Terrmnaiton r 
Termmit Bloc* -Room Therm. 
Terminal Bloc*<-Un3t 
Tetmmjl Btocfc-Ouct Heiter 
tdenufietf Terminal on 
Ronn f ng Capacitor 
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HEAT PUMP SYSTEMS' 
•UNIT IV 



ASSIGNMENT SHEET #4-TRACE OPERATIONAL CIRCUTS FOR 
SECOND STAGE SUPPLEMENTARY HEAT IN A HEAT PUMP 
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fcONTR 

ftELA V 

A&LAY 

RELAY 

ftELAY 

RSLAYS 

RELAY 

fl£L*AY 

ftSLAY 

jEtAY 

RELAY 



M 
1R 

3R t 
3ft? 
3ft 3 
4ft t 
4R J 
10R 
iin 
i?ft 



JPNOCampr $< 0 0 Fan Motor 

SPNO Compf Moior Starier 

SPNO 1 0 Fan Moior 

SPNO Oefroii miitjiion 

SPNO DelrOJl Holding 

SPNO Outfoji-Jnooo^Au* Hejt 

SPNO Mt St*9* Hejt-R C So* 

SPNO lit Stjq* Heal-Compr^ 

SPNO ?nd Slag* He ji 

SPNO 3rd Sta^e Huj( tTrtne Oeuvr 

SPNO 4m Suge HTJt <T.me Qeuyl 



RES 
T 

RC 

sc 

H 

FU 
TC 
TH 
T6 
OOT 
R V. 



L£G£ND 

Rejmor ^ 
Tranifdrmer 
Running Capacitor 

Starling, COmPf 

Heater taKWI 
Fu« 

TH^rmosiai - Ct>o|in9 
ThermQt (ji- Heading 
Terminal Btock 
ThermOil JT-OuTdQOr 
Reversing Vatve Solenoid 



HP 

TLS 
QTS 

a 



High Preside Cyioui 
Thermat Ltrr>tt Sw*(Ch 
Oefroii TefnfmaiiOn * 
Terminal B»oc*~ftoom Therm. 
Terminal 6'OC^^Unil 
Terjntnai SiOC^Duct Hujter 
identified Terminal on 
Running Cap*Cit£Jr 
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ANSWERS TO ASSIGNMENT SHEETS 



Assignment Sheet #1 




J 



I 
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Assignment Sheet #4 



Of? 



e>r: © gyp 1 ^ 



ml 




J R V sou 'Jip 



0TS 




r 



*^"Q,'' t yij " 



^OOT-l OCT i ,, p 




v . 
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JOB SHEET #1-WIRE A CONTROL SYSTEM FOR A HEAT PUMP 



I. Tools and equipment 9 

A. Service technician's .tool pouch 

B. Voltmeter-ohm meter * 

• J * • • • 

C. Heat pump trainer or system selected by instructor- 

(NOTE; System should have wiring diagram recommended by manufacturer; 
. diagram in Figure 1 is included for general reference,) 

4 1 * 

\\ Procedure r * 

A. Check power source 

B. Apply power to system 

C. - Turn power off 

0, Wire necessary circuits to energize indoor fan motor 
E- Turn power on 
F. Operate indoor fan motor ^ 




G. 


* Have instructor verify^j5eratieir>/ 




H. 


Turn power off " 

*♦ * 




1. 


Wire necessary circuits Jo operate cooling 


f V 

* \ 


J. 


Turn power on j 




K. 


Operatfe System for cooling 




L. 


Have instructor verify operation 




M. 


Turn power off > 


* 


N. 


Wire necessary circuits for first stage heat (reverse cycle heating) 


0/ 


Turn power^on 






Operate system for first stage heating v 




p 


Have instructor verify operation 


* 1 
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JOBSHEET#1 ' 1 

FL Turn power off 

S. Wire necessary circuits for second stage supplemental heat 
T. Turn power on 

U. Operate system for second stage supplemental heat 
* 

V- H3ve instructor verify operation 
W Turn power off 

i 

X + Wire necessary circuit^ tor deft ost 

Y. Turn power on 
* 

Z Operate system for defrost 
AA. Have instructor verify operation 
BB,- Turn power off 
QC. Clean area and return toojs 
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FIGURE 1 
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ELECTRIC HEAT ACCESSORY 
WIRING COMPLIES WITH 
NATIONAL ELECTRIC CODE 











LEGEND 






CONTR 


m' 


JPNO Compr & 0 0 fin Motor 


RES 


Rem tor 


HP 


High Preiiure CulOut 


RELAY 


, Tfl 


SPNO Comof Motor StATer 


T 


Transformer 


US 


Thermal L»mn Switch 


RELAY 




SPNO J 0 f*f> Motor 


RC 


Running C»p40tQf 


DTS 


Defron Tefm,fi»tio« 


RELAY 


3R t 


SPNO QeffOtt fr»»i»ii»on 


sc 


SllrtmQ Cot>0' 


s 


Ttrmmii Block -Room Tije/m 


R£LAY 


3R 2 


SPNO OelroM Holding 


H 


Hewer I4KW1 


Term+o»l Block -Unit 


- REL'AV 


3R 3 


SPNO DeffOtl- indoor A u * He»t 




f yie 


Tefmmil BlOCk-DuCl Hetter 


R£L A Y 


4ft 1 


SPNO Ht S(«9* He4t-R>V,^oi 


TC 


Jnermoitti - Cooing 




Identified Terniinji on ^ 


RELAY 


*fl : 


SPNO Ht S(*ge Heit-Compf 


TH ' 


Tnermoidt - Heaitng 




flunnmg C*0»C*lo\ 


"RELAY; 


10R 


SPNO 2nd Sl*9« H»4t 


T8 


Termmti Slock ' ^ 




flfELAY 


11R 


SPNO 3rd Sttgr He«t (T*me Det«vl 


DDT 


Thermo«i*i -Outdoor 






fl£LAY 




SPNO 4|h S(«9e He*t <Time DeUvt 


R.V 


,RV R*v*rirng V»Jv* Solenoid 
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HEAT PUMP 'SYSTEMS 
j ,UNITIV 

i 

JOB SHEET #2- TROlJBLESHOOT A HEAT PUMP INDOOR 
1 " SECTION IN THE COOLING MODE * 



and equipment 
Screwdrivers \ 
. Nut drivers % 
Voltohmmeter 

Scratch awl* ' - * . 

E. Thermometer 

F. Pencil and nqte.pad a ^ 

G. ■ Duct taPe 
IL Procedure 

A. Disconnect powef from air handler and check with voJtmeter 

8* Follow procedure for troubleshootinftblower section 

• C. Disconnect fan relay . 

D. Measure resistance of fan relay coil and record whether OK 
Open Shorted 



J 



E. Dfis^nnect secondary lead* of transformer 

F. Measure resistance ot.secondary windings of transformetf?and record whether " 
OK _ Open - Shorte fr 

G. Disconnect primary windings of transformer ' - 

H. Measure resistince of primary windings of transformer and. record whether 
OK m Open _Shorted [ 

L Measure resistance of each leg of transformer to ground and record whether 

OK ■ Grounded fi h [ ' . * " * 

f * * , * 

1. Question: Have all electrical components of the aft handler fan circuit 
been tested? * ■ 

- 2. Has coil surface been checked and cleaned if 'needed? * s 

\ 3, Is this equipment safe to energise? 

J.* Reconnect fan telay and transformer , S 



JOB SHEET #2 



K + Energize air handler power circuit 

L. " Energize- fan circuit at* thermostat subbase and note blower operation* 
. OK - 

M. Set thermostat to "cool" and adjust to colder setting than room temp- 
erature 

N, Drive scratch awi ifito return plenum and measure return air temperature 
and record ' /_ * 

y 

0. Drive scratch awl into supply plenum r 2nd measure supply temperature 
and record ° v 



P. Calculate temperature amp across cotflmg coil and record 



a temperature drop' of 12° - 16° is regarded as OK after 15 minutes 
operation 



(CAUTION: Be certain that scratch awl is not driven into cooling coil 
or electric heat strip section; inexperienced service people frequently do 
this,) 



Q, Cover plenum holes with duct tape 
FL Check findings with instructor 



\ * 



1 r.j 



\ 

t \ 
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[ JOB SH££T 
S SECTj) 



HEAT PUMP SYSTEMS 
UNIT IV 



T#3-PERF0RM MAINTENANCE ON AN INDOOR 
N OF A HEAT PUMP IN THE COOLING MODE 



0 



L 



Tools and equipment 

A. Screwdrivers \ 

B. Nutdnvers 

C. Gloves and shop rag 

D. Scratch awl 

E. Thermometer 

F. Pencil and note pad 
Procedure 
A. Follow procedure for maint 



j 



etfance 



call on blower sections 



B. Set indoor thermostat to ^cool 11 and adjust setting to cooler than room 
temperature * 

C. Allow condensing unit to stabilize refrigerant pressures, then disconnect 
condensate drain and blow out slime with pressure through old^harging hose 
wrapped in a shop rag . 

D. Reconnect condensate drain * * ' 4 

(NOTE: Installers usually^eement atl'l^^in a new condensate drain line. 
The serviceman usually cuts the line with a hacksaw and after servicing 
reconnects the line with a coupling and friction tape^ 

E. Feel suction line leaving evaporator 

(NOTE: Suctionline should be cold but not freezing.) 

* 

F. Wait for 15 minutes of continuous compreJsor operation then take tem- 
perature drop across under coil and record ' ° 

G. . Note any conditions which might affect air conditioner performance inside 

the structure , ^ t , 

1, Abnormal indoor temperature 
" 2. furniture placement and draperies over supplies and returns* 
3. In 



improper design of supply registers 
4. Thermostat over lamp or other heat source 



\ 



2-1 /- 
* o 
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JOB SHEET #3^> 



H. , Reset thermostat to room temperature and note temperature difference 

between switching temperature and room temperature 

{NOTE: Thermostats with merfury switches are s^nsitivi? to vibration; 
they must be checked, l^eled, and secured J 

I. Check findings with instructor' 



f 



1 

1 i i 
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HEAT PUMP SYSTEMS 
UNIT IV 



JOB SHEET #4-TROU8LESHOOT A HEAT PUMP ON 
A "NO COOLING" COMPLAINT 



V AQR IV 



Tools and equipment ' _ 

* * t 

A. Screwdrivers ■ ^ 

B. Nut drivers " 

■ * • 

C. Ammetervoltmeter-ohmmeter 

D. Gauge manifold * 
E- Gloves 

Procedure * "~" " , 

A. §et thermostat4an switch to "on" • • 

B. Note blower response; if it fails to start, continue 
heck fuse \p furnace; if it is OK^continue 

^heckpatput of transformer for 24 volts; if it is OK, "Continue 
Checker lifte voltage at#fow^f motor 





4 
F. 



(NOTE: If voltage is no% present, then the fan relay is bad; if votta 
present) the blower motor is bad.) k - 



Check ihdoor blower section to make sure coil and .filter are clean so the 
seoiion will operate normally** * . 



G. ■ Energize blower section Tor normal operation 

H. . Check condenser fan; if it is not operating, continue 

I. Remoye control box cover t ■ 
J. ( Note position Qf contactor carriage 




- ^ (NOTE: Some contactor carriages are v coveredf with $ plastic. plate vOhifh 
must be removed; others are moTHTted in sucft'a way that inspection will 
^no^ reveal whether points are open or closed) / * * 

K. Close contactor points if they are not^osed; do this by momentarily' pres- 
> sing tfie carriage into a fcldsed po^tior^Pth an insulated screwdriver > ' * 



JOB SHEET #4 / 

t. Note fan and compressor response; if fan and compressor start, continue 

M. ^ook for # a broken wire in the' low voltage *2-wfre cattle leading to the con- 
tactor^*" 

v 

(NOTE; Dogs will sometimes chew this cable m two; laWn trimmers can 
a.lsocut it.) t ' 

N. Determine 'if {gn and -compressor will not, run when contactor is closed; 
if they don't run, continue 

0. "Check for line voltage and contactor, terminals; if there is no .line voltage, 
' continue ' ' 

(NOTE; If contactor operation can't be determined by inspection, dis- 
connect or cut a low voltage control wire to the contactor; wh^tt^ con- 
nection is made and broken by hand, it will cause £ loud click.). 

P. Check fuse to condenser circuit; if line voltacje is present, continue 

Q. Look for a tripped safety device (usually a high pressure cut out) 

R. fteset safety device 

T S. Note compressor and fan operation; if do safety device is present, continue 

T. Feel tfie compressor; if it is hot and not running, this indicates a compressor 
internal overload ' - " . 

w m 

(J1QTE; Do not confuse a hot compressor with the, heat of a normally 
^Operating crankcase heater, when a compressor is too hot tohtild a hand on 
it for a few seconds, it is hot.) - 

U. Check condenser fan, it it does^not run while contactbr is closed, continue 

V. Check condenser fan'rnotor; rTit is OK, cbntmufe ; * - 

(NOTE: Sometimes condenser fpe motors will run a long v tirhe Before they* 
heM up and quit. A bgd condenser fan motor that has. hat^tirne to cool 
off may fool a service technician by running beautifully-when it is first 
energized.) y , 4 

■.*'/'"-* 

-W. Look for cause *ai high head pressure once it has been established that 
- compressor -is out on internal overload and high pressure cutout has been 
♦tripped " [ * ■ ^ 

*> 

* (NOTE: Leaves, grass chppFngs, clothes dryer lint, ^tc. /can stop a condenser 
coil and cause high head pressure;^ newspaper or other dbstructior* to ait 
flow can also cause it.) ' , . - " 
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JOB SHEET #4 



X- * Establish that there is no apparent reason for high tiead pressure, high 
pressure cut out has been tripped, end fan and compressor both run when ■ 
rese't, and continue — 

Y. Follow procedureforchecking the cut out poiprbf the high pressure cut ouf, 
and continue 

(NOTE: Install gauge mantfold\ start equipment, and note pressures; block . 
air flow through condenser coil with newspaper until cut out trips and note 
cut t>ut pressure, this should be approximately 400 psi; some-cut q^uts are 
adjustable, but many are not.) ■ + 

Z. Follow procedure for check out of hard start kit, capacitor, and motor 
windings if compressor fails to run when line voltage is applied 

Replace control box cover and panel and all screws 

Clean up tools and area and put tools away ^ * 



\ 



. ■' ■ , . ' ■ ^ 
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HEAT PUMP SYSTEMS " 
* , UNIT IV . 

JOB-SHEET #5--TROUBLESHOOT A HEAT PUMP OUTDOOR SECTION 
. * ON AN "INSUFFICIENT COOLING" COMPLAINT f 



.Tools and equipment 
A, Screwdrivers 
B- Nut drivers 

C. Ammetervoltmeter-ohmmeter 

D. Gauge manifold 

E. Glomes 



Procedure w 

A. Follow procedures for checking an air conditioner condenser section 

B- Operate indoor Section normally, and with outdoor fan and compressor 
running, install gauge manifold \ . 

(CAUTION: Damage to the compound gauge can result if it is installed 
on the vapor line of a heat pump. Suction pressure is measured at a gaugfe 
port on the suction fine near the compressor inside the outdoor cabinet.) • 

% C Use manufacturers charging table to check operating pressures; "if it is 
available > ' r 

(NOTE: There is an unfortunate feck, of information Jrom many manufac- 
turer's regarding their heat pumps. Many hfeat pumps have been instal- * 
led which have no charging tables available. Heat pumps which have no 
sucflton line accumulator usually specify blowing the entire refrigerant charge 
and measuring in a new*charge based on laboratory conditions which seldom 
exist in Ihe -field In the absence of charging tables, use a rule of thumb. 
Charge to a liquid line pressure equivalent to 30° above ambient temperature t 
and a suction pressure equivalent to a temperature above freezing.) 

D. Fo|low procedures for checking leaking valves tn reversing valve and check 
* v_£fve in liquid line if pressures will not conform to charging tables or rules of 
thumb - 

^ * ■> 

(faOTE- One of the greatest problems with heat pumps has been-liqufd 
* flood back to the* compressor with resulting compressor motor burc * 
or destroyed valves. Bad cornpressor values cannot be accu raiel ^deter- 
mined , unl^s the reversing waive is disconnected frtim the 'compressor. 
The touch test gn the reversing valve doetnot indicate the conditio of the 
compressor valves,) . I . 
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G 



JOB"SHEET #5 , 



6 v 



E + Replace compressor if compressor valves are leaking 



(NOTE: The hs*ne owner will frequently declare that the heat purtip heated 
satisfactorily a" winter and express displeasure at t1ie*cost of replacing the 
compressor. Marry home owners are unaware that th^ strip heat supplied 
most, if not ail, of the heat during the winter after the compressor failed,)* 



,F t Clean up tools and area and put tqols away 



2 




« 



4 + 



t w 



\ 
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HEAT PUMP SYSTEMS 
, ■ ' ' ' UNIT IV -' 

JOB SHEET #6-PERF0RM MAINTENANCE ON AN OUTDOOR SECTION 
OF A HEAJ4>UMP IN'THE COOLING MODE 

* ' t 

Tools and equipment 

A.u Screwdrivers \ A ^ 

B* Nut drivers i 

\ 

C~ .Ammetenvoltmeter-ohmmeter 

D + Gauge manifolds D 

E. Gloves* 

Procedure , . . * 

A, Follow procedure for periodic maintenance call on indoor*section * » 

B. Remove panel and controPbox cover from condensing unit 

C Measure amperage of condenser fan 'and compare with fan motor spe£i- 
fications on nameplate 

D + ,Measuf^_amperage of compressor and. compare with compressor motor 
specifications on n^meplaje ; - 

Kill power to unit, gafcn access to motor, and oil a^ordingto manufacturer's 
instructions; if condenser fan is mounted horizontally check to see if it can 
be oped ■ ' ( \ ^ * , 

(NOTE: Many condenser fan motors are mounted vertically and cannot be 
" lubricated; even many horizontal ones cannot be lubricated.) • 

F. Touch crankcS?* heater to determine condition 9 

G. Inspect condenser coil and clean with coil cleaner if dirty f ' ^ 

H. Inspect terminals on capacitors, contactor, and compressor for corrosion and 
bun^ng . - . • . 

L Check cut^oui pressure of high pressffre cut out if present 4 

X*^pifeck operation of lock out relay if present 1 4 , & 

m K + C^nnect«^gauge manifold and determine operating pr^ures. If suction 
r ^^ressure corresponds to below freezing evaporator temperature, add refng^ 
■ * eraot * - 

{NOTE: He$t pumps use R-22 refrigerant. Nevertheless, there are several 
manufacturers jtfiiich^use other refrigerants. Be positive .which refrigerant is 
used > before adding any. Refrigerant data is usually on tKe nameplatej 
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JOB SHEET #6 



L Check head pressure 



(NOTE: With suction pressu/e at proper level, ,the head pressure should 
be approximately 30° above §rnbi£ht tempefatuTe. New jiigj^ffiprency 
'units have head pressures 2Qf above ambieNj; however, variable sfca&d and 
muttispeed' condenser fans will conftise these readinqg^tjnless the fa^ontroL * 
is bypassed and set on high-speed dorwg the maintenanpe call J { f 

Shut down condensing unit and>note speed at which* suction pressure ^nd 
head pressureequalize whitp feeling temperature of suction line ^ , / 

* v. > * r << 

4NOTE: A warm suction line immediately after shut down indicates leaking/ 

valves. Too slow equalization of .sytfion pressure indicates insufficient steeor* 

'kinkvin liquid line.) ' , ' f - , *' 



fN, Make touch test 8f reversing valve and note Jesuits 
0, Replace control box 'cover, panel, and all screws 
Clean up tools and area and put tbols ayvay 



4 
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HEAT PUMP SVSTTEMS . [ 
* UNIT IV" N j 

JOB SHEET* #7 -TflOUBLESHOOT SUPPLEMENTAL HEAT ON A HEAT PUMP ' " 

i 

* % 

1 Tools and equipment 



f 

f 



K Service technician's tool pouch 
B. Ohmmeter, voltmeter fr ■ 

Procedure 

A. Disconnect power source 

B, Remove ewer of control box 
C- * Check for voltagfe at power lugs ^' 

0- Check for continuity and grounded heating elements ' * 

'* 1 Set volt-ohrnnoeter to measure resistance - * 

/- V 

^ 2. Remove power wires from element^ ■ T r ■ , * 

3. Measure resistance of heating elements and record" ' 

4. * ohms #2 ohms ■ " o hms 
, 5. Reconnect 'power wires to events 

6. Question: What ^voultd elements read ft open? What would elements 
. ^ - read if shorted?' * 1 

7, Are -any elements grounded? ^ 

E- Check contactor and sequencers for continuity y * \,. 

■' rt 

1. Set volt-ohmmeter to measure resistance "\ ' 

2. Disconnect low vol tape wir§s,from contacto^and/or sequencer #1 

3. Measure resistance of contactor coil and record 

" 4. Measure resistance of sequencer heater and record . 

5> Measure resistance of any other sequencer heaters and record 
* #2 phms ' #3 ^ ^rrfe 

6- Reconnect Jow voltage w^res tocontactor ancLsequencfr, 



{ ■ 



\ 



. JOB SHEET #7 



7: Question: What would be theses is tance*of\ 



4. 



a + An open coil circuit? 
b t A burned out coiP - ohms 



ohms 



8. Question: What would be the resistance of 

a, N^n open heater circuit in a sequencer? 

b. * A snorted heater circuit 7 ohms 



ohms 



F, Check conttnuity^jnd grounding of blowec power circuit 

G. Check continuityyof fan relay coil circuit 

1 t Set voU-ohmmeter to measure resistance * p 
2 + Disconnect control wires from fan relay 
3, Measure resistance Of fan relay coikand r&ord__ 
4 t Reconnect control wires to^an^ay 



H. Check resistance of.primary £nd secondary winding? of low voltage tr^ns-' 
forrm 

ief^/oif-ohmmeter tb measure resistance 



ohms 




4 



Disconnect secondary leads from transformer . 

■ 

3T Measure resistance Of secondary windings of transformer and record 
ohrp^ ♦ y * i i 

4 t vDisconn^gt primary leads fronri transformer » 

5. Measure resistance of prin^y windings of transformer and record 
Ohms 



6, Measure resistance from ,eacH leg of primary winding to ground and 
reyrd to ground ohms; L2 toground ohms ^ 

7, Reconnect secondary and primary leads of transformer * 



8 t Question: Is secondary winding of the fransformer shorted* 



9, Question: Have all the circuit in the heating elements been 
checked? ~ " ♦ . ♦ 



0, Are t'he h^ttog elements safe to energize? 
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JOB SHEET #7 




I. * Replace control box cpver 

J. Reconnect power sourcfc 

K. Clean area and put tools away 



" / 
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V HEAT PUMP SYSTEMS - -S 

* UNIT IV ' ' 



J0BSHEdT#8--P£RF0RM MAINTENANCE ON HEAT PUMP 
. r ' SUPPLEMENTAL HEATING? 

Tools and equipment' 

A. Service technician's tool pouch 
A* * 

rB> Thermometer and scratch awl 



C. Shop rag • 

D. Ammeter- voltmeter 
Procedure h . / 

A, Opervmatn power switch 

B, ~ * Remove control box cover 

C, Service blower section 

D* ** Energize heater strips and -record fan motqrarpper age draw 

E. De energize strips and snap ammeter, oven wire power lug to main power 
source * 




ostat'B "heat" 



F> Set thermostat to 'heat" and energize sd£&nd*stage thermostat 



G Energize outdoor thermostats ^ 

H Re-energize strips and reoord ampi dravv of * heaters as sequencers close, 
heater circuits * *• # 

B'iower motor ahd heater „ 



^2 



L Compare full load amfrs with strip heater nameplate rating 

J> * Determined alf of the elements are pulling. the proper amperage * 

K> D*ve scratch awl into return air plenum, ^insert thermometer, and record 
, ^return ajr temperature . * \ a 
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JOB SHE'ET m 



A / 



L Select.a place in the supply trunk which is ouuof the "line of'sight" of the " 
electric heater elements and drive scratch awl into supply trunk RecortJ~ 
supply air .temperature * °j . * « . ^_ 

Vp>M. Re^rd temperature nsel^irough furnace ° 

N. Remove tfiermometer^H^i plug holes *^ 

O.j Oe-energize outdoor thermostat^ / 

, P. De-energize supplememallieat at disconnect 

Q. Replace control box cover " ' ^ 

v R. Reenergize supplemental heat C 

^ - S. Reset theteskstat to proper, setting x , , * 

T. Ctean area and put tools away * 
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HEAT PUMP SYSTEMS 
UNIT IV 

jbk SHEET #9- : TR0UB^ESH00T A HEAT PUMP ON A "NO HEAT" 
COMPLAINT WHEN COMPRESSOR WILL NOT RUN 



I." Tools and equipment * * 
^ A. Servi'e technician's toot pouch 
B. Volt-ohnrvammeter 
II. Procedure 

A* Dis<?onnect power supply 
Bv " SetVott\hm meter to measure resistance 
Check contactor; if it is open,. continue 

1 . Check for malfunction at low voltage transformer 

2. Check for malfunction in remote control center 

3. Check to see if contactor coil is open or shQrted 

4. Check time delay devices for malfunction 
' 5* Qheck for an open pressure switch in the liquid ^ine 

6. "ChecKfcontrol circuit to see if it is open 




D. 
E. 

Y 



7., Check charge in system, and record high pressure reading^ 
and low pressure reading ^ . „, 



Reconnect" power supply and energize system * 
Check contactor; if it is closed, continue 
- 1. Check for open power supply to compressor ^ 
2. Measure and record amp reading to see if compressor is stuck 
Disconnect power supply * ft r I 

Check for loo^e leads atthe compressor * 



Hr Ch^ck compressor windings to make sure they are not open, shorted, or 
grounded , 



J, Check to see if compressor overload is open 
J. Obtain instructor's OK before reconnecting power supply 
K. Clean area and puf tools atvay f% 



13$ 
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HEAT PUMP SYSTEMS 
UNIT IV , 



i 



JOB SHEET #t«- TROUBLESHOOT A HEAT PUMP ON A "NO'h^AT" COMPLAINT 
* WHEN COMPRESSOR RUNS BUT CYCLESON COMPRESSOR OVERLOAD ' 



I, Tools and equipnn$nt fi ^ 
<t A- Service technician's too) pouch ^ 

B. Volt*ohnrvammeter* * 
IL 'Procedure t 

A. Check for dirty filters 

B- Check indoor coil to make sure it is free of dirt and debris 

+ C, Check mdoor fan; if it is cycling on overload, continue 
♦ 

1 . Check for damage or malfuncton of reversing valve 

(NOTE: Make sure reversing vaive is not stuck in mid-position.) 

2. Check for, restriction in discharge line 

3. Check system for overcharge and record high pressure 



4, Ctjpck sysAn for undercharge and-record low pressure 

5, Chec^tor high or low line voltage ^and record high voltage_ 
and Jow voltage_ , 1 



E. 
F. 



6. Chfcck for malfunction in run capacitor 
* 7, Check high load condition 

8. Check high superheat <;on*rol 
Have instructor check your findings 
Clean up area and put tools a|vay 





\ 
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HEAT PUMP SYSTEMS . 4 

UNIT IV . 

JOB SHEET #11 TROUBLESHOOT A HEAT PUMP ON AN "INSUFFICIENT HEAT" 
. COMPLAINT WHEN COMPRESSOR WILL RUN ^ 



Tools and equipment 

A. Service technician's tool pouch 

B. Volt-ohm-ammeter 
Procedure 



/ 



Check 



fo^lN^i 



suction and low head; if both are presem, continue 



B. Che'ek outdoor fan; if it is stopped; coVitinue 
*— 1. Check for loos? leads at fan motor 
- 2. Check to see if internal fan motor overload is open 

3. Check to ^ge if fan motor is shorted* grounded, or open 
* 4. Check to see if defrost relay conteicts are open 

C. Check outdoor fan, it it is running, continue * . , 
1 , Check for stuck reversing valve % 

* 2. Check for restrictions in liquid line 

3. ^Check for malfunction in outdoor metering device * 

4. " v Chfcck for undercharged system and record higli pressure 
and low pressure^ ,> 

— 1 T . * 

5. Check forUirty outdoor coil ^ * 
*. . 

6. Check strainer^rjd make sure it isn't clogged - s * - * ~* ' ' * ' 
\^JXJ Check outdoor coil; if it is heavily froste.d, continue . 

*As Check for malfunction in defrost control «j 
" 2, Check to 'see if defrost thermo$*Sjfcs in* poor physical contact vyith line* r /\ t 



4- 



3, Check fbr malfunction in defrost refey or defrost timer 



4. Check Complete defrost* circuit for any bad electrical connections 
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JOB SHEET #11 

i 

E. Check stnp heaters; if they are not operating, continue 

t 

* 1 . Set thermostat to energize second stage heating 
2 + Check for malfunction in outdoor thermostat 

3. Determine if outdoor thermostat is set too low 

4, Check for pinched capillary tube or bulb riot sensing true outdoor 
temperature 

F\ Chetk for malfunction in stnp heater relay or contactor 

Check power circuit to heater elements and record high voltage_ 



and low voltage ; if circuit to heater elements is open, con- 

tinue 

1. Check, for blown fuse lank 

2, Check for a broken heater element * 

H. Check for an open in the over-temperature thermostat y 

k ^HCheck for defective second stage room thermostat 

v ' 
J. Have instruc,to( check your findings 

It Clean up area and return tools 
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HEAJ PUMP SYSTEMS 
UNIT IV 



NAME 



TEST , , 

i ■ 

J 

1 , Match terms related to heat pump systems with their correct definitions, 

r 

* a. Basically a refrigerated air conditioning *1, H$at exchanger 



system with two refrigerant coils ar^d a valve 
to reverse the flow of refrigerant 

b. A heat pump control valve used to switch 
from heating, mode to L cooling mode by 
reversing the compressor connections to 
the inside and outside goils 



c. Refrigerant hne that directs low pressure 

\ vapor froprt the evaporator coil to the com 
^pressor i 



d. A device used to transfer heat 

e. A relatively coo! substance that can readily 
absorb heat 

_1 A heat excharfger which -is buried in the 
ground and functions' as either a conden- 
. ser or evaporator 

j}. A heat exchanger which utilizes well, pond* or 
lake water as either a condenser or evaporator 



2. Geotl>ermal well 

F * 

3„ Heat pump ' ' 

4. w Heat sir^k 

5. Suction line * 

6. Reversing valve 

7. Ground coil 
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2, Identify the components of a heat pump. 




X 



ERIC, 
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3. 4 Identify the compofienis of a 4-way reversing valve. 

a, 




b. 



a. 
b.. 
* c, 

d: 

e." 

f. 



Differentiate between the operation of a 4-way Jeversfng valve in th& heatfrig mode and 
cooling mode by placing an "X" beside the illustration of a 4-way reversing valve in the 
cooling mode. — ~ / 
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Select true statements concerning the^peration of a heat pump jn the defrost mode by 
placing an* M X" in the appropriate blanks. 

a. The defrost cycle is initiated by preset time controls, preset temperature 

controls, or preset controls to measure pressure drop across the outside coil 

b. The reversing valve reverses, the heat pump from the heating to the cooling 



^ ^ cycle on a preset^chedule 
c. Hot gas from the compressor discharge line is directed to the outside coil 

^ '_d. Frost accumulation on the outside coil is removed 

e. Th* outsicle blower is energized to speed frost removal 

f. Supplementary heat systems are energized 



g. After frost has been removed from the outside-coil, the 'cycle is reversed 

_ % \ h . The defrost cycle is terminated by preset time controls, preset, temperature 
' controls, or preset controls to measure pressure rise across the outside coil 

Identify the components of a heat pump indoor section. 




c. 
d. 



IDS 
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Type of System 



Characteristics 



) 



Advantages 



Disadvantages 



Atr to Air 




7, Complete the following ch^rt to show , thef characteristics, advantclgfcs, ancj dis- ^ 
advantages ot Neat pump systems 



Uses ajtmosphere'to cool 
condenser or to absorb 
heat from evaporator' 



Requires\a blower to pro- 
vide afr-mbvement across 
outdoor coil 



/ 



-*3— 



Air to Water 



Uses the' ground or a body 
off water t tD provide cool- 
ing or heat absorption 



Can use' a ^eotherm^ well 

Requires f\o blower for out- 
door coil 



High efficiency because 
ground or water aC\s as' 
• a heart ^changer 

Can use i Tecirculatcd'water for 
cooling and solar collectors for ' 
■additional heat 

Can b£ used to preheat hot 
water fc 1 * . ,\ 



Require? supplemental heat- 
ing ' 



8. Complete the following chart to show the differerfees between components of indoor 
sections of heat pumps x a^nd low side sections of air conditioners " 



Component 


Heat Pump' 


'Air Conditioner * 


Blower Section . 


Driven by a 230-V motor' 


— . — :/ . — 




Metenrhg Device 
• 


Always has a check valve 
* and a- bypass arrangement 






Thermostat 


Controls one stage of coot- " 
"ing and two stages of heat- 
ing, and may contain a manu- 
ally operated emergency heat 
swjtch 








* 


.Transformer 


- Located iri outdoor section/ 
instead bf m air handler , • 
and is 230 volts* 
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9. 



Complete a Ifst showing cdmmon component failures of "heat pumps in the cooling 
mode. ' • J ■ ' . i> 



a. Transformer 
2) ■ T' 



b, Reversing vatve 
' 1) 



■ 2) 



3> 



10. 



Complete the following sketch of a duct section to show the proper installation of an 
electric strip heater. * . 



1 1. Complete a list of special precautions fof-replacing reversing valves. 



a. 
b. 

c.' 
d. 



Install a reversing valve in a location on the refrigerant line that will help keep 
vibration from the compressor at a minimum. 



0,"i n 



* * 
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12. State-tyvo major rules for good heat pump operation. ^ 
i. 

13. Trace operational circuits /or a heat pump in the cooling mode. 




14 + Trace operational circuits for firsfstage heating \f\ a heat pump. 
15, Trace opera iiona\ circuits for a heat pump m rho defrosi mode, 

■ r " 

I 16, Trace operational Circuits (or second stage supplementary heat in ^hea* pump 
17. Demonstrate the ability to + 

Wire a control system for a heat pump, 
TrQubleshoot a heat pump indoor sectton m the cooling mode. 



a, 
b. 

d". 



Perform maintenance on an indoor section of a fieat p^mp in the cooling mode/ 
Troubleshoot a heat pump on a "no cooling" complaint, 

Troubleshoot a heat pump outdoor section on an "insufficient coolmg" com* 
plaint, 

* 

Perform, maintenance on an outdoor section of a heat pump in the cooling mode. 



Troubleshooj supplemental heat op a heat pump. 



h* Perform maintenance on heat pump supplemental heating. 

i, TroubjpShoot a heat pump on ^no heat" complaint when compressor Will not 
run, / 

j, Troubleshoot a heat pump on a "no heat' 1 complaint when compressor runs but 
cycles or> compressor overload, 

k, Troubleshoot a heat f>ump 4 on an ^'insufficient heat" complaint when com- 
pressor will rurr, ' \ 

(NOTE: If these activities have not been accomplished p(ior to the test, ask your 
instructor when they should be completed,) 



1 
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HEAT PUMP SYSTEMS 
UNIT IV ' . 

L 

■ANSWERS TO TEST 



t. a. 


3 


e. 


4. 






b. . 


6 


. f. 


1 






C.' 


5 


9- 


2 






' d. 


1 








t 



2. a. 
b. 
c 
d. 
e.' 
f. 

9- 
h. 

. i. 
')■ 

k. 

3. a. 

b. 
c. 
d. 

* e. 
f. 

9- 

4. a 



Indoor and outdoor refrigerant coils 
Compressor 
. Indoor and outdoor metering devices 
Indoor and outdoor check vato/es * 
4-way reversing valve 
Piston ^ 
Piston bleed ports 
Grank<pse heater ^ 
Accumulator 

Indoor and outdoor blowers 
'S^olenord " m 
Connection }® discharge line of compressor 
Connection to suction line of co^jressor 
Connection to outside coil v 
Connection to inside coil 
Piston 

, t 

Solenoid^y activating deuice s C 
Piston bleed ports 



5, a, b,c, d, f, g, h 



a. 
b. 
c 
d. 

f. 

g- 
h. 



Cabinet . ' 
Filter and cold air inlet 

Heating elements of nichrome wire ojr tubular eased wife 
Blower-assembly 

Blower and limit control switches 

* 

Heat exchange chamber and warnyair outlet 

Indoor coil ^0P^/" 

Supplementary heat controls and sequencing relays 



Type of System 


Air to Air 


Air to Water 


Characteristics 


Uses atmosphere to cool 
condenser of^o absorb 
heat from evaporator * 

Requires a blower to pro- 
vide air movement across 
outdoor coil 

* 


Uses thQ ground or a body 
of water to provide cool- 
ing or heat absorption 

Can use a geothermal w£ll 

Requires no blower for out- 
door co\\ 


Advantages 


Efficient in milder 
climates 

■* 

** 


High efficiency because 
ground or water acts as 
a heat exchanger 

* 

Can use recirculated water for 
„ cooling and solar collectors for 
additional heat 

Can be used to preheat hot 
water ■ 


r [Jisadvantages 
* 


Capacity and performance 
lowers as temperature 
drops 

Less efficient in cold 
climates * ^ 

Requires supplemental * 
heating 

*■ 


j- ~ 

Requires supplemental heat- 
ing 

i 



»9.. a.' 





. T 

< 


\ 
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Componera 


Heat Pump 


1 T -■ 

Airv©b"riditioner 


Blower Section 


Driven by a x 230-V motor 


Driven by,a 1 1 S-V 

1 1 1 yiv ' t* 


Metering Deyice 


Always has a check valve 
* and a bypass arrangement * 


, 

Has no cheok^valve or by^ 
. pass /t 


Thermostat 

* 


Controls one stage of cool- 
ing and two stages of 1 heat*, 
ing, and may contain a manu- , 
ally operated emergency heat 
^switfch * 


Controls one, stage of 
cooling and .one stage 
of heating 


Transformer 


- — ' - ■ • — r= — 

Located in outdoor section 
instead oJ m ainhandler 
and is 230 volts 

* 


Located in the furnace 
and is 115 volts ' 

•. • --v J 


1) Blown fuse • 







.2) Burned out windings 
b.* 1) Leaking valves ' 



2) Stuck piston 

3) Burned out solenoid 
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11. * a. Never expose a reversing valve to excessive heat 

Keep the inside tubes of the valve and the ^systerfl free, 



sign material 



c. Never strike a reversing valve with a hammer or any/tool that could'dent or 
kend any part of the valve 

12 + a t Filters, cjnlies, and cotLs must be kept clean to assure adequate a*r circulation 

b + The refrigerant charge for the system should always be at the proper pressures 

13. Evaluated to the satisfaction of the instructor 

14. Evaluated to the satisfaction of the instructor 

15. Evaluated to the satisfaction of the instructor 

16. Evaluated to the satisfaction of the instructor 

17- Performance skills evaluated to the satisfaction of the instructor 
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BALANCE POINTS 
UNITV ^ 

UNIT OBJECTIVE 



After completion of this unit, the student should be able to determine the coefftoent 
of performance of a heat pump and relate balance points to typical stages in heating con- 
tinuity. The studentshould also be able to plot a heat pump performance curve, a heat loss 
line, and plot balance points for given design conditions. This knowledge will be evidenced 
by correctly performing the procedures outlined in the assignment sheets and by scoring 85 
percent on the unit test, 
i 

SPECIFICOBJECTIVES * ■ 

After completion of this unit/ the student should be able to: * 

^ 1. Match terms related to balance points with their torrecVdefinrtions. 

2, Distinguish between the COPofa direct electrical heating element and fhe COP of 
a heat pump. * 



3. Determine the COP of a heat pump at a given design temperature. 

,4. Select true statements concerning balance points and their relation to COP. 

* ■* 

5. Match balance points with typical stages in heating continuity. 

6. Complete a list of factors needed toplot balance points. 

7 V Plot a heat pump performance curve from' manufacturer's specifications, 

8. Plot balance point #1 from<jiven d*ftjn conditions. * 

9. Plot additional balance points from given design conditions. 

10. -Select true statements concerning the procedure for sizing a heat pump on the 
cooling load. 

1 1 , List two advantages of controlled heating stages. 



1^. Seiect true statements concerning installation considerations related to heat pump 

perform a rfce. * 

<r y j 

1?. Size aJieat pump on the cooling load. m 



14. Plot balance points for 3 heat pump at given design conditions. 

15, ^Locate equipment to obtain maximum COP from a heat pump. 



v ^ 
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BALANCE POINTS 
UNIT V 



\ . 



SUGGESTED ACTIVITIES » ^ 

I. Ptovtde student with objective sheet. 
!l. Proyicle stu^nt with information and assignment sheets, 
1 1 1, Make transparency, ^ * 
s IV, Discuss unit and specific objectives, * 
? V, Discuss information and assignment sheets, 

VI Invite an electnc utility representative to talk to the class concerning heat pump 
installations and a comparison of operatings costs for heat pumps and other 
systems, 

VII Invite the cfty (or an area) electrical inspector to talk to the class*concerning 
codes that affect heat pump installations, 

VIM. Invite a local or area contractor who makes heat pump installations to discuss * 
typical systems and balance points that are used in the area, and especially any 
* variations in heat staging continuity, ' 

IX/ " Invite a manufacturer's representative to demonstrate to the class how indoor 
and obtdoor sections of heat pumps are matched, and how outdoor design con- ' 
ditions affect equipment selection, particularly supplementary heating, L 

)(/ Give test, ' ' % 

instructional materials * 



I, / Included in this Unit: 
, A, Objective sheet 

B, > Information sheet > 

C, Transparency Master 1 -Typical Balance Points 

D, Assignment sheets 

1, Assignment Sheet #1 --Size a Heat Pump on the Cooling Load 



2, Assignment Sheet #2--Plot Balance Points for a Heat, Pump at Given 
Design Conditions 

3, Assignment Sheet #3--Locate Equipment to Obtain Maximum C(5P 
From a Heat Pump * " * f 
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E. , Answers to assignment sheets 

F. Test * i 

G. Answers to test 
References: 

A Harris, Norrpan and David fifrConde. Modem Air Conditioning Prac* 
tice t Second Edition. New Yo": McGraw-Hill BooJ< Company, 1974, 

B + Heat Pump Design* Service and Application. Dallas, TX 75240: Lennox 
Industries Inc., Education Department, 1979. * ^* 



v. 
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BALANCE POINTS 
UNIT V 



INFORMATION SHEET 

4 

Terms and definitions 

A. Balance poirrt-The point, expressed in °F, where the heat pump capacity is 
equal to or balanced with the heat loss of the structure 

B- Additional balance points-Points beyond the* initial balance point which 
indicate the most advantageous temperatures for energizing supplementary 
heating - 

C. Balance point number-A system of identifying the initial balance point as 
balance point #1, and additional balance points as balance point #2, balance 
point #3, etc, 

D. Supplementary heating-Electrical heating strips programmed to^nergize 
in stages to compensate for reduced heat pump capacity as temperature 
drops 

fL* Critical ^unb^lance-The point at any °F where heat pump output will not 
" equal or balance with the heat loss of the sjru'cjure 

\ 

F, COP- : Coefficient of performance, the ratio of heat ogtput to heat input 
Qomparison of direct electricaj heating elements and heat pump t s 

A, ■ Ordjnary direct heating elements have a COP of 1,0 " 

B. The COP of a heat pump is always greater than 1*0 {Figure 1) 



FIGURE 




{Courtesy of Lennox Industries tnc, Dallas, Texas) 
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How to determine the COP of a heat pump 
A, COP ~ Btuh output divided by Btuh input 



Example: COP - Btuh output (useable he at) 

Btah input (heat paid for)' * 

When unit input is given in watts, the conversWh factor of 3.413 shpuld be 
used to convert watts to Btuh 



Example: 



COP= Btuh output 



Unitwattagex 3.413 



\ 



Using the formula, a unit with a 4,380 watt input and a 
39,000 Btuh output would have a COP of 2.6 because 
4,380 x 3,413 = 14,948 Btuh, or nounded off, 14,950 Btuh, 
t . and 39,000 divided by 1 4,950 = 2.6 

COP has. a direct relation to outdoor temperature, and COP will decline 
as outdoor temperature drops (Figure 2) 

FIGURE 2 



HEAT PUMP Ob*. .CURVE 



6 




M0 



100 c 



OUTpOOR TEMPERATURE i 

(Courtesy of Lennox Industries Inc., Dallas, Texas) 
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> INFORMATION SHEET 
1V. Balance points and^their relation to COP 

• A, When the COP of a heat pump drops, balance points j^air/tain economical 
heating continuity in a conditioned space 



B- Balance points postpone the point of critical unbalance 
mum COP 



promote maxi- 



(NOTE: At the point of critical unbalance, the Compressor shuts down 
and all heat comes from supplemental units; for a heat pump to be practical, 
critical unbalance should be no* rhore than 5 to 10 percent of the total 
operating hours for the heat pump,) 

C- Balance points determine equipment sizing and the amount- of supple- 
mental heat required 

V. , Balance points and^ypical stages in heating continuity (Transparency 1 ) 

A + , Balance point #T--When outdoor temperature falls below this point/ an 
indoor thermostat calls for second-stage heat and the first two heating 
elements will energize 

B- Balance point #2--When outdoor temperature continues to fall, an outdoor 
thermostat calls for third-stage heat anci a third heating element is energized 

C. Balance point #3--When outdoor temperature continues to fall even more, a 

(second outdoor thermostat calls for fourth-stage heat and a fourth heating 
element is energized > + ♦ 

(JMOTt;: This staging processes typical of balance points and heating con- 
tinuity, but there are many variations depending on equipment, outdoor 
design temperature, and manufacturer's specifications,) 

VL Factors needed to plot balance points 

A, Performance curv&based on Btuh of the Heat pump 

B, Heatloss calculation for the structure 

t 

C, Outside design temperature ' . 

D, Inside design temperature 

VII, Steps in plotting a heat pump performance curVe 

A, Prepare a graph wfth capacity of heat pump anci structure heat loss shown in 
thousands Btuh on the vertical axis; work with units of 6,000 Btuh starting 
with zero at the bottom v 
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B. Complete'tne graph with outdoor dry bulb temperature ranging from-20 a F 
to 80°F shown in units of 1 0 on the horizontal axis from left to right * 

I Example; 
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■20 -10 



10 20 % - 30 40 50 ?0 70 80 



Outdoor dry b^lb temperature in °F 
' ■ * - 

C From available manufacturer's specifications, transjfer total Btuh output to 
the proper points, on the chart and connect the points to show the per- 
formance curve 



Example: 



> 1 



Outdoor . , 
Temperature 
(Degree F) 


Compressor ' 
lyiotor Watts 
. 4 Input 


Total 
Output 
t (Btuh) 


65 


2730 ' 


32,200 


, 60 


2540 


29.900 


55 . 


2345 


27,900 


50 


> 2180 


25,700 • 


45 


20#0 


23,500 


40 


1000 ■ . 


21,200 


35 


179D. ■ 


19,600 


30 


1*05 


18,300 


25 


■ 1635 


16,500* 


20 


1555 


15,000 


- -15 


1500 ■ N 


" 13,600 


10 


1430 V 


11.900 




1375 „ 


^. 10,500 


4, o 


1310 


9.100 


•5 


1250 


7,800 


-10 


1105 


6,700 


•15, 


1130 


6,100 


•20 


1060' . 


5.70O 
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VI IL Steps in plotting balance point if 1 ^ ^ 

A. On a graph showing the heat pump performance cyrye, locate the indoor 
'design. temperature of 70° on the horizontal axis and mark it point A 

& • -v x ' 

B. Assume an outdoor design temperature of 10 F and a structure heat loss 
of 40,000 Btuh; sketch a vertical dotted lineup from the 10*F point until it 
intersects the 40,000 Btuh line and mark it point B 

% < x { 

.* C. Draw a solid diagonal line connecting points A and B 

D. Balance point #1 is located at the point where the tfSljformance [inland the 
heat loss line intersect,; martcjt point C \ (/ ' 

Example: 
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Steps in plotting additional balance points ■■> ■ 

A, Assume the indoor thermostat £t balance* point #1 energizes two 2-kw 
strip heaters * , * * • 

Draw a dotted vertical line up from the 38°F poiht until_ it goes to a point 
that- represents 13,600 Btuh, and mark^tfis aapoipt D * 

(NOTE: Remember the- conversion* factory 1Aw = Approximately 3,400 
Btuh r so4 kw= 13,600-BtuhJ * / 

C. Draw a straight line from poijjt D so.that it runs parallel to tj^e heat pump 

■ performance line and intersects the heat loss line, janet mark this^point E 

D. PomtE give's the temperature where balance [taint #2^'should be 

E Assume the outdoor thermostat at traflance point #2* energized another 

■ 2-kw strip heater ^ 

F. Draw'a dotted, vertical Ime up from ihe-2TF .point until it goes to a point 
that represents 13,800 Btuh, and mark thjs'point'F 

^ " - V" : '* " ' 

G. Draw a straight line from point ^scrTtVjt it runs-parallel to the heat pump 

^ performance tine and inter sec ts^the hprt: loss line, and mark this point G 

H. Point G gives the temperature where,balahce point #3 should be 

" v 

I. 'Assume the outdoor thermostat *at r balance point #3 energizes another 
2-kw strip heater t * 

J. Draw a dotted verbal line up from the 21°F point until it goes to a point 
that represents 6,800 Bt3h, and mark thfs [JoinkH , . 

K. Draw a straight line.from point H so that it-runs parallel to the heat pump 
k performance line ancf intersects the heat loss lifie, and mark this point I 

L Point I gives the temperature where balance point #4 shoDId be . * 

{NOTE: By following this procedure, additional balance points cab be. 
plotted as design conditions require.) 
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Exampte: * 



<i> 



to 



GO 



D C 

CL CO 



TO 
0 



-S;c 
to ^ 



60 



50 



40 



30 



20 



10 















■ 


























1 


r 


^ ■ 










■ 






J ' 








B 


H 














^BP4 


'4-! 




* F 












\ 

\ 


BP #3 ?t'">^ 






D 


























! 

. BP* 


n ' 


I • 












t — 










■ I, 






















— — h 

1 

k 




















1 

\- 












. — ^ 


— j 




Hi 


l 











-20 -10 



10 20 



30" 40 50 ' 60 



70 80 



Outdoor dry bulb temperature in °F 



v 



X.* Procedure for sizing a heat pump on the poling load 

A ' Determfte heat gain and calculate cooling load' 

{NOTE: In design conditions where the COP average of the^heat pump is 
2.25 or higfier, the unit can usually be 'sized on the cooling load and provide 
a compatible match Jyfith the heat load .) ^ - 

* B* Select a system that has a Btuh cooling capacity equal to or slightly beyond 
*the cooling load, bui never select a system/with a Btuh cooling capacity 
below the estimated cooling load 
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C Use the nominal cfrrwating of the unit as the air quantity for duct sizincf 

Example: If the cooling load is 33,800 Btuh, select a 3-t'onunit 12,000 
* Btuh per ton or 36,000 total Btuh;*with a summer outdoor 
design temperature of 95°F ^nd an entering wet bulb tenv 
perature of 35,000. Btuh will easily handle the 33,800 
Btuh cooling foacl requirement and provide tHe required 
^ 450 cfm/ton air quantity requirement for the 3-ton" unit 
* ; which would be a total 6f4 f 350cfm , * ' 



TYPICAL 3-TON,SPLlT SYSTEM 



TEIVIP(F) 








AIR ENT INDOOR UNIT-CFM 


AIR ENT 




1200 


1350 


. 1500 


OUTDOOR 






' INDOOR UNIT ENT AIR TEMP-Ewb <F) 


Unit 


72 


67 


62 


72 67 62 . . 


72 67 62 


85 - 


36" 


33 


30 


41 37 34 


43 39 35 


95 


34 


31 


29 


1§ (J) 32 


39 36 33 


.100 


33 


30 


29 


37 34, 3*1- 


^8 35 32 



D. Plotheat pump pei^ormaixfeWrve on a graph 

E* Determine structure heat toss and plot it on the graphSn relatiofi to design 
conditions ■ . * 




*F. Establish balance point #1 ♦ , , ♦ 

G. Establish additional balance points as required 

Example: Assume an ipside design ^qnperature of 70°F, an outside 
temperature of 15°F, and a structure heat loss of 40,000 
.Btuh; supplemental heating requirements can be determined 
by following the procedure outlined in Objective IX 

I. 
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Plotting balance points indicates a need for B-kw of supplementary • 
heat; 4-kw would be^energized in the first two heating stages by" 
the indoor thermostat at BP #1, 2*kw would be energized by the 
first outdoor thermostat at'BP #2, and the fihal 2 1 kwjwouI'd be 
energized by the second outdoor thermostat at-BP #3, and the 
unit is well balanced for both heating and Cooling 

Irpportant advantages of controlled heating stages 

A, They meet m<?st power company specifications, that require targe, instan- 
taneous load increases to be minimized 

B. * They eliminate shorter fan cycles and^tratificatibn : 

* 

C They provide the homeowner with a built-in warning system in the event 
of compressorfailure > . 

(NOTE: tn mild weather th£, outdoor thermostats prevent* staged heating 
from coming on, so a compressor failure would cause the house to get 
cold, but if all' supplemental heaths on and the compressor fails, a home- 
ownermight not real \zp that all heat is coming.from heating units unless 
there is a warning circuit to warn of compressor failure.) 



\* INF0RMATl6Ni SHE€T 

>- > 

Installation considerations related to heat pump performance 

A. * When prevailing winds are from the west or north, the putside unit should be 

placed on the south or east side of the home 

\ * ,* 

.(NOTE: This minimizes wirid through the ,unit during the defrost cycle 
and helps reduce ice buildup on the slab beneath the coil.) ^ 
1 

B. When equipment is placed on a roof, a' windshield should be placed so 
* 'that it will help keep air from blowing directly on the outdoor coil 

C . Both indoor and outdoor units should be located so th^re is ample room 
- for servipe, and all sides of the outdoor unit should be accessible 

D. Operating voftage shoufd not be less than 10% of nameplate rating 





Typical Balance Points 



Outdoor design 
Temperature °F 



heat loss line 

* 

o Balance Point #3 

(Outdoor Thermostat #2J 



B tuh __ _ 
' heat loss 

and 
heat pump 
capacity 




heat pump 
^performance curve 



Balance Point #2 
' Outddor Thermostat #1 ) 



Balance Point #1 

(Indoor Thermostat) 



■y— — • : y ; — Indoor design 

Fourth S*§ge Third Stage First and Second Temperature 0 F 
. Heating Heating Stage Heating ** 

Outdoor Temperaturfe in °F Vt 
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- UNIT V 



ASSIGNMENT SHEETr#1--S'ZE A HEAT PUMP ON THE COOLING LOAD 

\ - 
Directions. Assume that the cfeojmg lodd fo* a residence has been calculated at 32,500 Btuh 
with a summer outdoor design temperature of 95°F and an- entering wet bulb temperature of 
62*F. Assume also that the air quantity requirements are 450 cfm/toa Using the table in 
Figure 1, answerlhe following questions; 

A. What size unit should be selected? 



B. What is the Btuh rating of the unit? 



C, From what'factor can the air quantity for duct sizing be determined? 
FIGURE 



TENlP(F) 

Am Efwr 

OUTDOOR. 
Unit 


AIR ENT INDOOR UNIT-CFM . 


1200 


1350- 


/1 500 


INDOOR UNIT ENT AIR TEMP-EM) {F) 


72 67 62 


72 67. 62 


72 67 62 


85 


36 33 3tf 


• '' 41 37 34 ' 


* * 

43 39 35 


95 


34 31 29 


'.38 35 32 


39 3£-~33- 


100 


33 30- 29 


37 34 31 


38 /35 32 
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BALANCE POINTS 
UNIT V 



"ASSIGNMENT SHEET #2 PLOT balance points for a heat 
PUMP AT GIVEN DESIGN CONDITIONS 



Directions: Using the graph below, plot a heat pump performance cQWe, heat loss hne, and 
ail balance points for the following design conditions: Structure heat loss, 35,000 Btuh; 
indoor design temperature, 70*F; outdoor design temperature, 15°F + Use the manufacturer's 
specifications in the example in item C, Objective VII to plot the heat pump performance 
curve Assume the indoor thermostat energizes two 2-kw strip heaters and that all outdoor 
thermostats energize single 2 kw strip heaters. After balance points are plotted, answer the 
following questions: 

A + Wh^t is the approximate *F at balance point 

B + What is the approximate °F at balance point #2? 

C + What is the approximate °F at balance fDoint #3 ? _ : t 



D + Wilt there be a need for a balance point #4? 
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T UNITY 



ASSIGNMENT SHEETS-LOCATE EQUIPMENT TO OBTAIN MAXIMUM 

COP FROM A HEATPUMP 



Directions; Assume the residence in the following plot-plan is in an area where the prevailing 
winds are from the northwest. Answer the following questions: 

A, Of the points A, t B, and C, which is the best place to locate the outdoor unit 
of the heat pump to obtain maximum COP from the unit? 



B. If the outdoor unit had to be installed on the roof what should be done to 



, help obtain maximum COP from the outdoor unit? 
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BALANCE POINTS 
' UNIT V 



ANSWERS TO ASSIGNMENT SHEETS 

* * 

Assignment Sheet #1 * 

a, 3>ton 

b, 36,000 Btuh 

c, The cfrn rating of the air quantity for the unit ^ 
Assignment Sheet #2 

(Answers to a t b, and c should be within 2°F of-those shown) 

J* " * 

' a, 38°F - - 

j m 

b, 26°F j 

c, 19°F 

w 

d, No * " 

Assignment Sheet #3 
^ a, C 

b, A windshield should be placed so that it will help keep air from blowing directly on the 
outdoor coil 




\ 
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BALANCE POINTS 
- UNITV 



NAME_ 
TEST 



Match the terms on the right with their correct defin itions. 

a. The point, expressed in °F, where\he heat 

-pump capacity is equal to or balanced with 
the heat loss of the structure 
t 

b. Points beyond the initial balance poinjt 

which indicate the most advantageous tern 
- , peratures for energizing supplementary heaf 
* iog' 



_c. A system of identifying the initial balance, 
point as balance point #1, and additional 
balance points as balance point #2, balance 
****point #3, etc. . 

d. Electrical heating strips programmed to 
energize in stages to compfensate for re- 
duced heat pump capacity as temperature 
drops 

_e. The poiht at any 9 F where heat pump output 
will not equal or balance with the heat loss of 
the structure 

_f. Coefficient of performance, the ratio of 
heat output to heat input ^ 



1. Balance point 
number * 

2. COP 

3. Critical unbalance 
Balance point 



4. 
5. 



Supplementary 
heating 



6. Additional balance 
points 



Distinguish between the COP of a direct electrical heating element and the COP of a 
heat pump by placing an "X" in the blank that indicates the^COP of a heat pump. 

-_a. These heating devices have a COP of 1,0 

b* These heating devices have a c6?that is always greater than 1 .0 

Determine^the COP of a heat pumtJ that has a 4,400 watt input and a 40,000 Btfuh 
output. * 



COP = 



244 



/ - ■ 

4^ Select true statements concerning balance points and their relation to COP" by placing 
an "X" in the appropriate blanks. * 

a. When the COP of a heat pump dropk, balance points maintain economical 

heating continuity in a conditioned spece * 



_b. Balance points postpone the pofrit of critical unbalance and promote maxi- 
mum COP ^ 

_c. Balance points do not affect equipment sizing* and the amount of sup- 
plemental heat^equired' * ^ 



5^ JMatch balance points with typical stages in heating continuity 



neatiru 
ram b 



3 When outdoor tempjerature raTRT below 
this point, an indoor thermostat calls for 
second-$age heat and the first two heating 
elements will energize 

b. When outdoor temperature continues to 
fall, an outdoor thermostat calls for third- 
stage heat and a third heating element is 
energized * ^ 

_c. When outdoor temperature* continues to 
fall even more* a second outdoor thermostat 
calls for fourth-stage heat and - a fourth 
heating element is energized 



6* Complete a Ijj^of factors needed to plot balance points. 

a. 

b, Heat loss calculation of the sJructure 
c. 
d. 



Inside design temperature 



/ 



1. Balance point #2 

2. Balance point #3 

3. Balance point #1 



' 3 
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Plot a heat pump performance curve on the graph below using the following manu- 
facturer's specifications. 




Outdoor 
Temperature 
(Degree F) 


Total 

Output 

(Btuh) v 
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t 

Plot balance point #1 using the heat pump performance curve shown below and an 
indoor design temperature of 70°F; outside design temperature of 10°F;and a structure 
heat loss of 45,000 Btuh. 

^ . ■ - 



1_ 
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Outdoor dry bulb temperature in °F 



Plot additional balance points for the design, conditions given in question 8, assuming 
that the Indoor thermostat at balance point #1 energizes 4- kw of supplemental heating 
and all outside thermostats energize 2-kw strip Ifeaters. — 

(NOTE:*Use the graph in questions to corriplete this test item, use broken lines 
to indicate your plotting, and circle and label all balance points.) 
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10. Select true statements concerning the procedu^ejor sizing a heat pifri?JJ on the cooling 
"7ioad by placing an "X" in the appropriate blanks^ 

a. Determine heat gain an,d calculate cooling load * 

b. Select a system that has a Btuh cooling capacity equal to or slightly below 

the cpolipg load, but never salect.a system with* a Btuh cooling capacity 

abqye the estimated cooling load 

* ♦ - * ~~ ♦ ~ * ** 



c. Using the nominal cfm rating of the unit a's^he afr quantity for duct sizing 

r ******* 
d. Plot heat pump performance curve on a graph ' 

\ . * 

e. Determine structure heat loss and plot it on*the graph in relation to design 

conditions ' , 

f. Establisfabalance point #1 ^ / " 

g. Establish additional-balance points as required 



11. List two advantages of controlledheating stages. - 

.. . ' ■ ■ ■ 4 .v ■ ; y 



b. ... r ^ * 

/ 

12, Select true statements concerning installation considerations relaftcl to heat pump 

performance by placing^an^X" in the appropriate blanks. 

* * - * 

a. When pretailintjwinds are from the west or north, the outsrde unit should be 

placed on the south or east side of the home 



% 



_j b. When equipment js placed^ a* a roof, a windshield should be placed so 

that it wilf help*keep air from blowing directly, on the outdoor coil 

9* c. Both indoor and ^outdoor unjts should be located so there is ample room 

fo^service, and>ll sides of the outdoor unit shduld be.accessibte 

d. Operating voltage should- not be less than 30% of nameplate rating 

1 5U Si^ a i fieat pump on the cooling load. 

14. Plot balance points for a heat pump at given design conditions. 

15. Locate equipment ta obtain ma^i?ium COP from ajieat pump. 

(NOTE: If these activities- have hot. been accomplished prior to the test, ask" your 
instructofrwhen they should be completed.) \ — . - 
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BALANCE POINTS 
' UNIT V 



ANSWERS TO TEST 



1. %. 
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d. 


5 




b. 
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Outside design temperature 
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9.* Arjaaers are incorporated in the graph in answer 8 
10, a, c, d^e, f, g 

IV; Any two of the following: . \ ± 

a. They meet most power company specifications that require large, instantane- 
ous load increases to b& minimized 

b. They eliminate shorter fan cycles and stratification 

c~ . They provide the - homeowner - with a built-in warning system in the event of 
compressor failure * 

12. a, b, c,d 

13. Evaluated to the satisfaction of the instructor 

14. Evaluated to the satisfaction of the instructor 

15. Evaluated to the satisfaction of the instructor 
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HYDRONICS 
-UNIT Vt 



UNITOBJECTIVfe 



After completion 4 of this unit, the student should be able to classify hydronic systems 
ii\relation-tq design water temperature and design water floyYates. The student should also* 
be able to select boilers, expansion tanks, and pumps-stritable to specific systems, and lay 
out a series toap single circuit hydronic system. This knowledge will be evidenced by 
correctly performing the procedures outlined in the assignment sheets and by scoring 85 
percenf on the unit test. « . 



SPECIFICOBJECT!VES 

After completion o'f this unit, the student should be able to: 

1- Match terms related to hydronics with therr correct definitions. / 

2. Distinguish between basic Jypes of hydronic systems. 1 * 

3. Match classifications of hydronic systems with their water temperature - pressure 
* characteristics. 

*. 

4. Identify types of common hydronic system designs. 

> 5. Match common hydronic system designs with their advantages aritHdisadvan- 
tages. 

6. Select true statements about-design water temperature. 

7. Match terminal units with th^ir design water temperature drop. 

8. Solve a problemjoi^lv^ng design water flow rates through circuits. 
9- Match minimum flo'w rates through terminal units with their tubing sizes. 

10. Select true statements concerning-plac^ment of terminal units. 

11. Match terminal units with their Characteristics anfl u'ses. mi 

1 2. Complete a list- of steps in the selection and sizing of terminal units. 

1 3. Select true statemeOts concerning fuels, ratings, and selection of boilers. 

I ' 

14. Distinguish between advantages ,and .disadvantages of types of- residential 
expansion tanks. 

15. Select true statements concerning steps in the selection 'of residential expansion 
tankt \ 

16. Select ti^ie statements concerning the types, designs, and sizing of residential 
pumps. * *^ 



23- 



1 



17. Complete a list of factors in the selection of residential pumps. h * 

18. Arrange in order the steps in selection of residential pumps. 

19. Complete a list of factdrs affecting pipe^yng. ^ 

20. Select^true statements concerning the procedure for selection of pipe sizes. 

21. Match types of hydronic specialties with their'characteristifcsand uses. " , 

22. Select true statements concerning steps in designing a hydronic system. 

23. Lay out a series loop single circuit hydronic system with boiler located under 
floor of dining room. 

* 

24. Select boiler and expansion tank. " t 

25. Make a trial selection of pump and select pipe size for series loop system. 

\ 



°'-2 
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HYDRONICS 
UNIT VI 



SUGGESTED ACTIVITIES 
Provide student with objective sheet. 

Provide student with information and assignment sheets. ' 

Make transparencies. 

Discuss unit and specific objectives. 

Discuss information ^nd assignment sheets. • 

Review all assignment sheets and modify ,as needed to reflect available systems 
and local practices; Assignment Sheet #2 requires materials to besupplied by the 
instructor, and materials for the other assignment sheets may be supplied as. 
needed to benefirthe intent of the assignment.. - 



Give test. 



INSTRUCTIONAL MATERIALS 



Included in this unit: . * 

r ^ , . * * 

A* Objective sheet 

B. Information sheet 

* C. Transparency masters 

1. TM l»COmmon Types of Hydronic System Design 

2. TM*2-Common Types of Hydronic System Design (Continued) 

3. TM 3-CommorU^ypes of HydronicSystem Design (Continued^ 

4. TM 4 : Common Types of Hydronic System Design (Continued) 

* j& * 5. TM 5- Types of Cast Iron Radiators and Heat Emission Rates 
t 6. TM 6--Ratingsof Small Tube Radiators-Square Feet 

7. TM 7 -Basic Classes of "Residential" Baseboard Terminal Units* 

8. TM 8*-£ompression Tank Capacity 

9. TM 9-Water Content of Hpt Water System, - • 

* 

10. TM 10-Cutaway View of Diaphragm Air Cushion Tank * 

11. TM 11 -Pipe Sizing-Head Pressure Table 



# 




/ 



D. Asatgnment*sheets - \ 

1. Assignment Sheet #1-Lay Out a Series Loop Single Circuit Hydronic 
System with Boiler Located Under Floor of Dining Room 

2. Assignment Sheet #2--Select Boiler and Expansion Tank 

3. Assignment Sheet #3--Make a Trial Selection of Pump and Select 
Pipe Size for Series Loop System ■ 

E. Answers'to assignment sheets " - * 

F. Test 

G. Answers to test 
References: 

A. Harris, W. S. Modem Hydronic Heating. NHAW Home Study Institute. 

B. Pump and System Curve Data for Centrifugal Pump Selection and Applica- 
tion, Bulletin No. TEH 375. Bell & Gossett Division, ITT. 

C. Parallel and Series Pvmp Application* Bulletin No. TEH 1065. Bell & Gossett 
Division, ITT. 

D* One Primary Systems ,Ffow Rate and Water Temperature Determination, 
Bulletin No. TEH*1066. Bell & Gossett Division, ITJ. 

E. Sasic System- Control and Valve Sizing Procec/ures 1 Bulletin No. 1165. 
Bell & Gossett Division, ITT. 

F. + Fundamentals ASH RAE Handbook and Product Directory , 1977. 
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UNIT VI - 



INFORMATION SHE 




, 1 



Terms and definitions - 

A. Hot water or steam toils- Transfer heat from the water to the air which is 
blown through the coH^simt+sfm construction to automobile radiators and 
located in air ducts * 

B. - Head-The pressure exerted by a column of water measured in the height 

of the water column ^ 1 j 7 ' 

C- Forced circulation system-System which requires pump pressure for 
circulation * 

D. % Tankless water heater--A device imjriersed in a boiler which transfers heat 
' from the boiler to the domestic hot water pupply of a structure 

E. Psi-Ptfunds per square inch of pressure 

F- Chilled water^Water which has been cooled before circulating through 
coils for cooling purposes 

G. Radiant heat-The heat delivered. from a hot or warnrf surface to a cooler 
surface b$ radiation of infrared rays ^ 4 

^~H> MBH-Heat expressed in thousands of Btu's per hour * 

L Btuh-British thermal units per hour , - 

J. Gpm-Flow rate in gallons per minute , 

) 

, tC I BR -Institute of Boilerand Radfator^Manufacturers _ 

L. SBI-Steel Boiler Institute 

(NOTE: The Steel Boiler fnstitute is;iow known as IBR} 

JVL Centrifugal pump- A type of pump in which fluid is ''thrown " by>an 
• , impellor rather than "pushed" by a piston ^ 

N. Hydron^cs-The science of heating with water , 1 

0. Design water terjiperature drop-The difference in temperature between 
supply and return watelftemperature at the boiler at design output* 

" P. Terminal units-Equipment which releases heat from a bydronic system 
to a conditioned space * , f 
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INFORMATION SHEET. 

Basic types of hydronic systenn? 

A. Hydronic gravity system \ 

(NOTE: Hydronic gravity systems, ate seldom used in the United States.) 

. 1. Operates on the principle that rift water is lighter than cold water 

, (NOTE: The difference between the weight of hot water and the 

Weight of cold wajer is e>cpressed in millinches (.001 in J per foot of 
height.) 



2. Head seldom exceeds 3 to 4 inches in gravity sysfem 



3. Requires much larger pipe systen^ 

(NOTE: The gravity system often requires up to 2 1/2" pipe.) 

B. Forced circulation system 

I \ 

(NOTE: Becaqse of their advantages, forced circulation systems have 
. replaced gravity systems in the United St^es.) ' x 

1 . Operates on pump pressure ratheTthah gravity r ^ 

r 2. Head may be 8-15 feet ' • 

3, Frequently usespipe size 3/4" to 1/2" * 

4. WheiTtanklesk water heater is present, provision must be made to 
prevent gravity .effect during off cycle ' t 

Classifications of hydronic systems by water temperature - pressure charac- 
teristics 

A, , Low terpperature water system (UTW) 

* * * 

1. Maximum temperature-250 degrees " ' 

2. Maximum pressure--1£S0 psi ■ • 

3. Usual upper limit-30 psi' ^ ■ 

B. Medium temperature water systerxi (MTW) 

1- Maximum temperature-350 degrees . 

2. Maxiqium pres^Jre-150 psi 

3. Usual design temperatur&-2S0 to 325degrees 

* * 

4. Usual design pressyre-150 psi 
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; INFORMATION SHEET 

C. High temperature water system (HTW) * 1 W 

1. Minimum temperature-Over 350 degrees 4 

2. Maximum tempera ture~400 tQ 450 degrees 

3. Usual pressure-300 psi 

D. Chilled water (CW) 

1 * Usual temperature-40 to 50 degrees 

2. Operating pressure-125 psi 

(NOTE: For process applications below 40 degrees"/ water is replaced 
with ami-freeze solution or brine. Well water may be used Fh chilled 
water application at temperatures below 60 degrees.) 

E. Dual-temperature system (DTW) 

1- Hot and chilled water 

2. Usual temperatures of 100 to 150 degrees, winter 

3. Usual temperatures of fjp to 55 degrees, summer 

Common hydronic system designs c t , . ■ v 

^. £eries loop (Transparency*!} 

* r 

~(NOTE: The series loop hydronic systerrfmakes one continuous loop around 
the perimeter of the structure. It is nrtost common in small residences and 
small buildings.) 

B. Ona pipe system {Transparency 1 ) ■ • 

(NOTE: Individual terminal units are connected ^o one pipe loop by-smaller 
* pipes and hydronic fittings.) 1 

C Two pipe reverse return system (Transparency 2) 

i 

, (NOTE: The two pipe reverse return system has a common supply loop to 
all terminal units in the circuit. It has a separate circuit of return water from 
the terminal units.in reverse order from the supply.) 

D. Two pipe direct return system (Transparency 3) 

(NOTE; In the two pipe direct return system the supply pipe ends at the 
■ farthest terminal unit and the return pipe starts at the farthest terminal 
unit.) 

E. Panel system (Transparency 3) 

(NOTE: Panel systems are built into the floor or the ceiling and use radiant 

■ ' ■ - 237 . " 
t 
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INFORMATION SHEET 



F, Multiple circuit systems (Transparency 4) 

(NOTE: Multiple circuit systems can be used on any other type of system.) 
Common hydroniasyst&m designs and their advantages and disadvantages 

[J ' 

A. 1 Serie#to6p v s/ 

1. Advantage -Low installation tost 

2. Disadvantages 

*\ 

a* Water terpperature is progressively reduced around circuit 
requiring allowance for colder water for heating purposes 

b. Water temperature and rate of flow to any terminal unit within a 
circuit cannot be regulated without affecting all other terminal 
units in the circuit 

c Tube size in terminal unit limits flow of water &nd capacity 
of system 

B. One pipe system 

1, Ad vantage- Possible to control flow and heat from individuaTterminal 
* units ^ 

2. Disadvantages 

* a* Higher in cost than the series loop.system 

b. Shows progressiye drop in temperature around the water circuit 
Two $pe„rever$e return system 
1, Advantages 

a. Equalizes distance water flovys through each terminal unit and 
. equalizes temperature drop 

b. Eliminates allowance for temperature drop between terminal 
units 

i 

c. Individual control of^terminal units does not affect other terminal 
units 



2. Disadvantage-Additional pipe increases cost 
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1 '\ 

Two pipe direct return system 

1 . Advantages 
a. * Valuable in split system (dual temperature) 

- b. Lower in cost than reverse return system 

2. Disadvantages 

a. Creates balancing problems due to different temperature drops 
across terminal units with low resistance to flow 

b* Limited applications unless the terminal units have high resistance 
to flow * t 



-7 



E. Panel system 

N 1. Advantage-Does not interfere with placement of furniture 

2. Disadvantage- Leaks are expensive to repair 

\ * 

F. Multiple circuit system 

+ 

1 . Advantages 
, a. Reduces the total length of circuits 

b. Reduces number of terminal units in a circuit 

c. Reduce? pipe size of main trunk pipe ' * t > 

■ d* Simplifies pipe design in certain types of buildings 

2. Disadvantage^Coulcf unnecessarily complicate an instalfation where* a 
simple circuit would be satisfactory 

VI. Design water temperature " - 

* A. Design water temperature is not used when compensating for terjoerature 
drop through series toop circuits 

i* * 

B. High temperature requires less i^diation equipment 

C. Determines basts for selection of terminal units ,f 

D. Does not have any effect on selection of boiler size , ♦ 

„ * E. Each circuit of a multiple circuit system may have a different design water 
temperature 



2X3 



260 



INFORMATION SHEET 



VII. 



VTfl. 



B. 
C. 
D. 



.Terminal units and theirdesign water tlmperajjure drop 

A. Cast iron radiator- -30° 

Convectors-10°-30° 

Unit heaters-Up to 50 e 

Baseboard-Up to 50° 

(NOTE: Temperature drop does not affect selection of boiler size.) * 

Steps in deterrniningdesign water flow rates through" circuits 
* ■ * ■ 

A. Add heat loss of each area on circuit 
Divide by 500 

* 

Divide again by design temperature drop * 

(NOTE: 1 gpm equals 500 Btuh for each degree of temperature drop.) 

Example: At 20 degree temperature drop 

Area #1 23000 Btuh 

Area #2 32000 Btuh 

Area #3 25000 Btuh 

TOTAL CIRCUIT "A" 800UU Btuh 



B. 

C. 



80000/500 
160/20 = 



= 160 v 

8gpm,Circui?"A' 



. IX. - Tubing sizes'of minimum flow rates through terminal units 

(NOTE: Flow rates are determined by the manufacturer of the terminal unit. 
See the manufacturer's catalog for specific data.) 

A. 1/2" tube size-0.3 minimum design gpm 

B. 3/4" tube size-0.5 minimum design gpm 

C. 1" tube size-0.9 minimum design gpm 

D. 1 1/4" tube size-1.6 minimum design gpm 

\ i 

X. Placement of terminal units 
■* ■ 

A. Terminal units should be placed under glass, areas to counteract cold air 
fallinjpfrom contact with cold glass ■ 



B. Terminal units should be placed 



.outside walls not containing glass 
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d When outside walls are J0$d to fullest extent, balance of required terminal 

unit length may be placed along inside walls * " 

* ' * * 

D. Long, thin units along walls under windows produce more comfort eco- 
nomically than high, thin units 

. E. A unit on the stair landing will temper or stop the flow, of cool air falling 
t ' dow,n stairs 

* 

F. Terminal units should distribute heat <Jver the full length of long rooms to 
prevent spot heat " ^ . r 

„ G. Forced air heaters should be installed so that heaters arrd registers do nor* 
/ ^ Create Objectionable blasts of hot air 

^ H. Combination heating and cooling units require special installation; follow 
manufacturers 1 recommendations 

*XL Terminal units and fheir characteristics and uses 

A. Ca^riron radiators (Transparency 5) 

. * (PjOTE: Cast icon radiators are widely .used in low water temperature 
systems.-) > 

/ 

1. Column and large tube radiators ,are no longer mar^jfactured but 
^ratings are based on ttieir performance* { 

* 2. Slim tube and wall fr type radiators a^e suitable for homes and small 
* office buildings 

3, May be hung on walls or ceilings where flpor space is not available 

4. Moderrj^jadiators are rated^ in Btuh per square foot of Equivalent 
* DirectRadiation (EDR) (Transparency 6) ' 

* "* * ' * 

Convectors 

*■ * . * 

(NOTE: Used extensively in kitchen and baths where waH space is fimiUfi.) 



1- Roofn air enters at bottom and passes between* hot fins to reenter 
room through outlet at top of convector 

2* Delivers more heat for Its size than radiators due to chimney effect of 
the cabinet 
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^ C. Baseboards {Transparency 7) , 

(NOTE: Baseboards jlplace portions of conventional wood baseboard 
moldings,) ' . . 

1. Made from hollow cast iron sections 

2. Made from 3/4" to 1/2" copper tubing with aluminum fins surrounded 
i by sheet metal enclosure withropenings at top and bottom •> 



Finned tube- Larger diameter, higher capacity commercial equivalents 
of ^esidential^basetjoard terminals * * - " 

Air heating coils 




1. Used tg^remper, reheat -orjjoost heating of ducted air ^ 

2. Finned tube construction similar to air cpnditioning coils or autofgotfjle 
radiators y p v . 



XII. 
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^. Must be protected from freezing J f 

Ratings are not uniform due to varying air velocities, --varying water 
velocities, varyin^^ and water 'temperatures; us& manufacturers' 
lijterature for ratings and coil selection . 

Steps in the section and sizing of terminal units T V 

A- Detacmine roorS tipafi losrand MBH 



, B. Dfetecmihe design' water temperature 

C. Determine 'desigij tSmperaturfedrop 

D. Select adequafe size terminal ^Sn manufacturer's-liteVjature 
Fuets, rert^f^/^ndsglectfofi of b^foj-s^ 

"V^, Fuels used for bolters" 
1. v Gas 




(NOTEt Boilers njjay be substituted by solar collectors. Solar heating 
will not be discussoki/r-thts unit.) ' 
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INFORMATION SHEEt . 

B. Ratings are either in gross IBR or SBI output or net IBR or SBI output 

1- Gross IBR or SBI output is not used for selecting boilers for residential 
application 4 

2. Net IBR or SBI output is rated in Btuh for water boilers and in square 
feet of radiator area for steam boilers 

C. In new construction, select boiler with net rating of 100% of connected load 

D. In replacement boilers, recalculate the heat loss of the structure and select 
boiler in accordance with new calculations 

r 

(NOTE: Old boiler; are usually grossly oversized*) 

Advantages and disadvantages of types of residential expansion tanks 
(Transparencies 8 and 9) ^ 

-A. Open expansion tank ' * 

1. Advantages 

a. Permits the expansion of water when heated * 
b> w Lower initial installation cost 

t 

2. Disadvantages & > 

^ a. 'Allow^the evaporation of boiler water which must be replaced 

b. Produces boiler scale and loss of efficiency due to the addition of 
make-up water m ~ , . 

B* Air cushion ex^psion tank % 

1- Advantages-Maintains system pressure below safety pressure relief valve 
" setting . 

(NOTE: The setting of the safety pressure relief'valve is common- 
ly 30 psi .) 

i 

2. Disadvantages ^ 

a. If sized too small, it will^xceed the setting of the pressure relief 

*■ • 

b. If sized too large, it can result in noisy operation due tb boiling in 
areas of less pressure 

c/ Water can absorb the air and waterlog the expansion tank over a* 
. peripd of time 
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XV. 



Air-cushion expansion tank with diaphragm (Transparency 10) 
1. Advantages f 

a. Permits sfealler tank si2e due to prepressurization. above tha^ 
diaphragm / . 

b. Water cannot absorb the air that is trapped above the diaphragm' 

/•" 



2* Disadvantage More costly tank over a period of time 
Steps in the selection of residential expansionjanks 



(NOTE: The selection of expansion tanks is subject to many variables such 
as height of water column^ temperature of fill water, expansion of water, 
expansion of pipes, boiling temperature of water under pressure, etc. In large 
structures the calculation of expansion tank*sizes and location of the tanks 
require an elaborate procedure which is beyond the scope of this unit of 
instruction,) 

* A. Allow 1 gallon of tank capacity, for each 5000 Btuh of total heat loss if 
conventional tank is used 

B. Allow V gallon of tank capacity for each 7000 Btuh of^total heat loss if 
prepressurized diaphragm tank is used, and P[epre$surized to at least 6 psig 

, C. If calculated tank size is not available, select next size larger tank 

XVI, Types, design^ and sizing of residential pumps 

A. Residential pumps are usually centrifugal m „ 

B. For a given motor horsepower, a pump can be designed to deliver either 
* hijb volume at low ptimp head or high pump head at low volume 

C. Residentiaf pumps aae sized from 5 "to 150 gatlons'per minute with head 
pressures of 4>tol4 feet of head 

XVII. Factors in the selection of residential pumps 

A* For a given size of piping, pressure drop will increase as rate of flow increases 
B, For a gilfen rate of flow, pressunTdrop will decrease as size of pipe increases 



decrease 



* C, There wilt always be more* than one combination of pipe size and pump 
head which will produce required water flow rate^ 
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XIX. 



XX. 



XXL 



INFORMATION SHEET 

StepHn the selMtion of resident! alj>umps * t 
Determine design rate of flow in gpm , * 

efer to manufacturer^jiteratufe for pump perfotlnarice curves 



Make trial selection of several pumps^with various available primp heads at 
design rate of flow * * \ 

Make selections including consideration of cost of puhrjjj 

olve for piping size and select proper pump, for most economical total 
st of piping and pump ■ - j 



Factors affecting pipe sizing- (Transparency 1 1 ) 

A. Rate of flow in gratis, per minute 

B. Length of pipe circuit in feet of pipe 

C. Available pump head pressure ^ 

D. Cost of pipe and fittings 
Procedure for selectio'n of pipe sizes 

Refer to pip4 sizing table in "manufacturer's literature 



A. 
B. 
C. 

D. 
E. 



7 

•/ 



Refer to pump manufacturer's pump performance chgrts 

Plot pipe size curves on pump performance curves for/various acceptaffte 
sizes of pipe - ^ * f 

Select most economical combination of pipe size and P^frip size 

If total system cost is not acceptable, seject new systenj design 

1. Increases decrease number of circuits 

2. Increase or decrease number of pumps / 

/ 

3. Increase or decrease sophistication of specialty fittings and controls 

4. Increase or decrease- design water temperature 

5. Increase or decrease design temperature drofa 
Types of hydronic specialities and their characteristics and uses 
A. Air elimination'devic^ * / 

1- Eliminates air absorbed by water r ^ 
2. Usually located at the boiler 
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\ 



Air vents 

1. Eliminates air trapped in system 

2. Usually installed in high points in system at fts^inal units 

3. May be eijher manually operated or automatic 
Fill valve 

1 . Common globe valve in old manually operated systems 

2. In modern automatic systems, the fill valve is a combination pressure 
reducing valve set at 12 psi combined with a check valve 



Mf^t Of 



a. Adds water ^to boiler jpfien pressure drops below set po 
fill valve - " . 



b. Prevents boiler water Trom backing into municipal water-system 

* 

D. Balancing valves 9 
. 1. Used ,in multiple circuit systems , 71 * 

2. * Regulates flow rate of water in tfepartate circuits • 

3. Usually inexpensive square head cock valves J 

4. Usually located in return legs of branch Circuits at manifold near£)oNer 

E. Flbwcbntrol valve • - • 

1. *U$ed to prevent gravity effect of rising hot water during off cycle 

2, Usually, a type of weighted check vafce with epough "resistance to* 
prevent hot water from rising by gravity but will oppn easily under 
pump pressure . . 



7 



(pressure relief valve 

3? 



Used as a safety valve 



2. Usually comes as part ofbptiler 



\ 



3^ Must be capable ^f discharging full Btuh rating of boiler in form of 
steam at a pressure setting 3 psig above rated working pressure of "boiler 

4. Discharge rate is indicated on nameplate of valve 



21U * 



• 
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G. One-pipe fitting 

r * 

V Used in one pipe*systems * * t 

' 2s Operates as a choke on supply loop to divert water t^ terminal unit 

H. Zqpe >ialve 

+ ■ ^ - ■ 

1 ♦ Used to open or shut off flow of hot water taa zone,: 

2, Thermostatically controlled . " 

3* Either motorized or solenoid operated 

Steps in designing a hydronic system 

A. Make trial selection of system design 

B. Make a layout of piping system 
C- Calculate heat loss ) 

Determine Btuh requirements for each qfrcuit or zbne,of piping system 
Select design system temperature and d^ign system temperature drop 
Determine water flow rate required 



Select terminal units 

SelGct boiler * 

I. Select expansion tank 

J. Determine length pf circuits t 

K. Make trial selection of pump | 

L, Determine pipe sizes for each trial pump selection 
* 

M. Make final selection of pump and pipe size and system design 

* *_ 

N. fylake selection of hydronic specialties 
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Common Types of Hydronic 
System Design 




Baseboard 
Units 




r 



Return Pipe 



Jd Pump ' . 

^ Series Loop Baseboard System (single circuit) 




Boiler 



One Pipe Forced Hot Water Heating System (single circuit) 

i 

(Courtesy NHAW Home Study Institute) 



TM 1 
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Common Types of Hydronic 
System Design 

(Continued) ( ' 



(3) 



, ■ (4) J. 




Boiler 



Two Pipe Reverse Heturn Forced Hot Water Heating System 



(Courtesy NHAW Home Study Institute) 
2yj 
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Common Types of Hydronic 
System Design 

(Continued) 



1 



r f 



Return Main 



/ y Supply 
*r#4-^ Main 



Two Pipe Direct Return Forced Hot 
Water Heating System - 



Supply Main 



2l 



c 



J— 



T 



C 



J 




(RineTi » 1 (Pinei# 2 (Panel #3 



WfH 

WW--- 



c 



3 



I X 
t 



Return Main 



J 



Forced* Circulation Hot Wafer Panel Heating System 



\ 



fcourtesy NHAW Home, Study Institute) 
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Types of Hydremic 
System Design 



(Continued) 




Series Loop Baseboard System - Multiple Circuit 




Boiler 




>apumi^ 



One Pipe Forced Hot Water Heating System - Multiple Circuit 



(Courtesy NHAW Home Study Institute) 



ACR IV - 277 



4 



Types of Cast Iron Radiators 

and 

Heat Emission Rates 



{No Longer Manufactured) 

7 > 




u i 




(Still Manufactured) 



Large Tube Slim Tube 



Heat Emission Rates for Cast Iron Radiators 



Design or 
Average Water 
Temperature 



7 



170 

175 

180 

185 

190 

195 

200 

205" 

210 

215 



Heat Emission Rates 
Btu/Hr. per sq. ft. 



r 



150 
160 
170 
180 
190 

220 /, 
230*** 

240 



(Courtesy NHAW Home Study Institute) 
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Ratings of Small Tube Radiators - Square Feet 





Length 


3 TUBE 




4 TUBE 




5 TUBE 




6 TUBE 




Number 


1^4 Inches 


















of 


per 


25" 


19" 


22" 


25" 


22" 


" 25" 


19" 


25" 


32" 


Sections 


Section 


Height 


xl etgftt 


n eigne 


xi eigne 


Height 


Height 


xitignt 


XltlgOt 


xl eight 




Xl A. 
as* 


3 2 


3,2 


3.6 


4 


42 


4.8 


4.6 


6 


7,4 


* 

** 


j 


64 


6.4 


7.2 


8 


o > 
5.< 


9*6 


9,2 


12 


14-8 


6 


1054 


M* 


516* 


10.8* 


12* 


12.6* 


14.4* 


13.8 


15* 


22,2* 


8 




12,8 


12* 


,14,4 


16 


16.8 


19-2 


18,4 


24 


29-6 


10 


\U 

Mvi 


16.0* 


10. V" 






21.0* 


24.0* 


O * I'LL 


30* 


t 37-0* 


12 


21 


19-2 


19.2 


21.6 


24 


25.2 


, 28,8 


27.6 


36 


44,4 


14 


2454 


22.4* 


22.4* * 


25.2* 


25* 


29.4* 


33,6* 


32.2* 


42* 


51-8* 


16 


28 


25.6 


25.6 


28.8 


32 , 


, 33.6 


38.4 


. 36.8 * 


48 


59-2 




3154 




28.5* 


32 4* 


36*- 


37.5* 


r 43.2* 


41.4* 


54* 


66,6* 


20 


35 


32,0 


32.0 


36.0 f 


40 


42.0 


48.0 


46.0 


60 


74,0 


22 


3854 


35.2* 


35,2* 


39.6* 


44* 


46,2* 


52.5* 


50.6* 


66* 


81,4* 


24 


42 


38.4 


38.4 


43-2 




50,4 


57.6 


55-2 


72 


88.8 


26 


4554 


41.6* 


41.6* 


46.8* 


' 52* 


54.6* 


62.4* 


59.8* 


.75* 


96,2* 


28 * 


49 


44.8 ' 


44.8 _ 


50.4 


56 


58.8 


157.2 


64.4 


84 


103-6 


30 


5254 


48.0* 


48,0* 


54,0* 


60* 


63,0* 


72.0* 


69.0* 


90* 


111.0 


32' 


56 


Sl^ 


51.2 


57.6 


' 64 • 


67.2 


76.k 


73-6 


96 


118.4 


34 


5954 * 


4 54.4^ 


54,4 4 


61-2 


68 


71.4 


81.6 


78-2 


102 


125-8 


36 


63 


57.6 


57.6 


64.8 


72 


75.6 


864 


82.8 


108 


133-2 


38 


66K/ *' 


60.8* 


60,5* 


68.4* 


26* 


79.5* 


91,2* 


87.4* 


114 


140.6 


40 


70 


. 64.0 


64.0 


72.0 


80 


84.0 


96.0 


92.0 


120 


148-0 


42 


73ii 


67.2 


67.2 


75.6 


84 


88-2 


100.8 


96,6 


126 


155.4 


* 44 


v 77 


70.4 


70.4 


79.2 


88 


92.4 


105.6 


101-2 


132 * 


1628 


46 


8054 


73.6 


73-6 


82.8 


92 


96.6 ' 


110.4 


105.8 


138 


170-2 


48 


84 


76.8 


76.8 


86.4 


96 


100.8 


115.2 


110.4 


144 


. 177,6 


' SO 


8754 


80.0, 


80.0 


90.0 


100 


105.0 


120lO 


115.0 


150 


185*0 


52 


91 


83-2 


83.2 


93.6 


* 104 * 


109.2 


124.8 


, 119.6 


156 


19Z4 


54 


9454 


864 


86.4 


97.2 


108 


113.4 


129.6 


124.2 


162 


199.8 


,56 


98 


89.6 


89.6 


100.8 


112 


1 117.6 * 


134.4 


128.8 


168 


207-2 



(Note: The Assemblies with a * aj^Considered Stock Assemblies. These Ratings and Stock Assemblies are 
Based on Simplified Practice RedWnmendation R-1 74-47, issued by the U*S. Department of Commerce,) 

(Courtesy NHAW home Study Institute) 
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Basic Clashes of 'Residential' 
Baseboard Terminal Units 

if 



Hot : Water 
Radiator 




c 

(Courtesy NHAW Home Study Institute) 



i 



Compression Tank Capacity 



✓*-~Fr\ t i a 1 or 


Max . height 


Arr cushion tank 


diaphragm tank 


fill), pressure 


of system 


capacity in gallons 


pre-pressur ized 


psig 1 Altitude 


above gage ft 


per gallon of water 


- to 6 psig 






in system 




4 9 


0 


0. 10 


* 


6 14 


5 


0. 12 




8 18- ' 


9 


* 0.15 * ■ 


0.11 


10 23 


14 


0.19 


0.14 


12 r. 28 


19 


0.22 


0.17 


K 32 


23 


* . \ 0 . 26 


, 0.20 


16 37 


28 


0.32 


0.24 


18 41 


32 


0 . 39 


/ 0.29 


20 46 


37 


0.48 


'0.36 


22 ' 51 


42 


0.6.3 


- ^0.47 


24 55 


46 


0 . 85 


0.64 


This table is fiased on 


a final pressure of 30 


psig at the boiler, or 


low point in the , 


system and an initial 


fill temperature of 60 


F. , . 





{ 

(Courtesy NHAW Home Study Institute) 
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Water Content Of Hot Water Systems 



Design * Boilers 

Load Conventional Flash 

Mbh 



50 - 12 

60 15 

70 17 

80 '20 

90 , 22 

100 25 

125 ' " 30 

'150 36 

175 42 

200 "* 48 

259 60 

300 . 70 

350 84 

400 95 

450 " 107 

500 " .'120 

600 " 140- 

. 700 160 ' 

800 t 190" 

900 ' 210 

1000 ■ > 235 



Radiators 





% large 


small 




tube 


tube 


5 


28 


16 


& 




1 7 
1 f 


7 
f 






Q 

o 






Q 


J 1 T 




1 r\ 
1 U 


1 

Jt J, 




i\ 


71 




13 


' 86' 


* 4& 


15 


99 ; 


. 55 


16 


114 v 


64 




142 \ 


80 




■ ,171, 


. 96 




199' 


. Ill 




* 228 . 


127 




' 256' '/ 


143 




285 


157 




342\.— 


19-1 




399 


223 




456 


251 




513 -' ■ 


• 287 




570 - - 


319 



Terminal Units Radiant 
Convectors Baseboard Pan£] 



7 
*8 

9 
10 
11 



18 
21 
25 

29- *' 
36 

'43 

50 - 23 

57 26 
64 * 29 

71 33 

86 " . 39 

99 . 46 

114. 52 

128 59 

142 . 65 



Series 
Loop 



Piping Systems 
1-Pipe 2-Pipe 









3 


11 


5 


4 


14 


5 


5 


16 


6 


6 


\ 19 


7 


7 


\ 21 


8 


.8 ^ 


24 


9 


9 


30 


11 


10 


37 


13 


11 


44 


16 


13 


' : " so 




16 


65 




20 ' 


70 





J 



Table is adapted from Table l,'D27tTT Bell & Gossett "B&G School of Living Comfort" 

{Courtesy NHAW Home. Study Institute) 



8 
9 
10 
12 
13 

14 

18 
22 
26 

30 

' 39 

49 
58 

0 

70' 
80 

90 
115 
140 
165 
195 
225 



10 

13 
15 

iJ 

, 21 

27. 

34 

40 

47 
62 

' 78 
94 

110 
130 

15o' 

190 

225 ' 

26Q 

310 

36,0 



> 

o 
J3 



to 

CD 
(71 
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Cutaway View of Diaphragm Air Cushion Tank 



NoPredUte on 

0 System 




V 



System Under 
Pressure 




Diaphragm 



■ * 

To System. 



(Courtesy NHAW Home Tstudyj^stitote) 
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Pipe Sizing- Head Pressure Table 



AVAILABLE 
HEAD 
ft of 


Total length of circuit (as measured oh piping layout) 




* 


b 


t 


d 


i * 


f 


f " 


h 


\ 


i 


h 


1 


m 


n 


0 


P 


q 


1 


4 

5 

1 

7 


' JS 
45 

* S5 
65 


45 
60 
70 
90 


50 
65 

eo 


60 
70 
90 

no 


65 
SO 
]00 
120 


70 
90 

no 

130 


ft 
100 
120 
140 


SO 
100 
130 
150 


90 
120 
140 

170 


100 

130 
160 
390 


110 
140 
ISO 
210 


130 
160 
200 
240 


190 
240 
290 


130 
230 
290 

34C 


220 
290 
350 
420 


290 
360 
450 
540 


400 
510 
620 
730 


620 
790 
950 
1120 


a 

9 

10 
11 

"t: 


75 
85 
100 

no 

120 


100 
110 
130 
140 
160 


110 
130 
140 
160 
ISO 


130 
150 
170 
190 

200 


140 
160 
ISO 
200 
220 


150 
170 

m 

240 


160 
190 
210 
240 
260 


ISO 
200 
230 
260 
290 


200 
230 
260 
290 
320 


220 
250 > 

29<y 

320 
35t 


250 
^290 
320 
360 
400 


250 
330 
370 
410 
450 


330 
3S0 
430 
430 
530 


400 
450 
510 
570 
620 


490 
560 
620 
690 
760 


620 
710 
790 
880 
960 


S50 
950 
1*0 
1170 




14 

16 

1* 


1M 
170 
190 

220 


190 
220 
250 
290 


210 
250 
290 
320 


250 
290 
330 
370 


260 
310 
350 
400" 


290 
330 
360 
430 


310 
360 
420 
470 


340 
400 

ar 


3S0 
440 
| 500 
X 560 


42a 
49fl 

5€0\ 
620 


470 
550 
620 
.700 


540, 
620 
710 
790 


620 
720 
330 
910 


730 
850 
950 
1060 


900 
1020 
1150 


mo 






PIPE 

sue 














GALLON PER MtNlrfE CAPACI 


TIES 






< 








ft" 




03 
2.0 
4.3 


OJ 
1.9 
4.1 


07 
U 
3.8 


0,6 
17 
37 


0.6 
17 
3.6 


u 

3.4 


06 
IS 
3.2 


0,5 
1J5 
11 


0,5 
U 
2.9 


as 
u 


h 

2.6 


04 
\2 
- U 


0.4 
LI 

2,2 


t 03 
0J9 
2.0 


OJ 

OJS 

ii 


03 
IX 


02 
0* 
13 


r 

m* 


9.6 


13 
IS 

V 


7J 
17 
25 


73 

16 

24 


7,0 
153 
23 


6.8 
22 


6.5 
14.5 
21 


63 
14.0 
20 


5J9 
13.0 
19 




US 
17 


10 
110 

is 


97 
15 


A3 
9* 
13 


3J 
12 


u 

13 
11 


19 
U 
93 


23 
AM 

n 


r 












42 


40 


39 


3S 
60 


[36 

\57 


34 , 

54 


32 

52 


29 
47 


27 
44 


24* 
38 


21 * 
32 


18 
29 


14 

24 



* X' Copper Tubing only 
NOTE: Do not go beyond the maximum or below the minimum 




res sbown in the table. 



how to use rms table for final pipe size selection ' * 

a) Single Pump * \ 

Enter the upper portion of the Table at the head .pressure of the pump selected. Read across to 
the figure closest to the total length of circuit Read down to the lower portion of the Table to 
the gpm figure equal to or greater than the gpm required for the circuit Read to the left-hand 
column to determine the pipe sUe required* Repeat for each circuit. Staying in the same column 
1 established by the circuit with the longest total length, repeat the last step for the £pm require- 
ments of the trunk and distribution piping. 

b) Multiple Pumps 

Enter the upper portion of the Table at th?head pressure of the pump selected. Read across to 
the figure closest to the total length of the longest circuit served by the pump. Read down to 
the lower portion of the Table to the gpm figure equal to or greater than the gpm required iot 
the circuit Read *0 the left-hand column to determine the pipe size required. For a two-pipe 
circuit size all piping in the circuit from the same column in the Table established above, * 
Size the trunk arifl any distribution piping using the total gpm of the system the. lowest bead 
pressure of the pumps selected, and me longest total length of circuit* 



(Courtesy NHAW Home Study, Institute} 
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HYDRONICS 
UNIT VI ' 



ASSIGNMENT SHEET #1-LAY OUT A SERIES LOOP SINGLE 
CIRCUIT HYDRONIG SYSTEM WITH BOILER LOCATED UNDER 
•**■*- FLOOR OP,plNING ROOM 



Directions: Use the floor plan below to sketch in the series Foop piping, the location of 
baseboard terminal units, and the kitchen convector; your .instructor has the option of, 
■ modifying this assignment sheet to reflect available systems and local installation Practices;** 



6 v 

BEDROOM 2 



3 



U3 > 



1 



/; 



Giving room 



BATH 



HALL 

I -fl 



BEDROOM 1 



3 

DINING ROOM 



KITCHEN 



Counter fQp 



' (Courtesy* NHAW Honje Study Institute) 
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ASSJGtfMENT SHEET #1 



v-^pecifications: 

Room #1 
Room #2 
Room #3 
Room #4 
Room #5 
Room #6 



Living Roorti 
Kitchen 
Dining'Room 
Bedroom #1 
8$th 

Bedroom #2 



15630 Btuh 
7540 Btuh 
8S30 Btuh 
7330 Btuh 
3250 Btuh 
7220 Btuh 
49500 Btuh 



t Total Heat Loss 
- * Equipment to be located In basement 

Design^Syst^m Temperature " 200 degrees 4 



Design T£mperatur^"Drop 
1. Calculate gpm:* 



20 degrees 



Z Select baseboard terminal units from manufacturer's catalog: 
Baseboard Model #* (See F igure J } 

3. Select convector for Kitchen from manufacturer s literature; 
a, Kitchen percent of total heat loss: ; percent 



b. 



Kitchen temperature drop 
Kitchen convector \ 
1 ) Model # * 



degrees 



(See Figure 2) 



2) Height- 



3} Depth*' r\ 



4) Length 



d: 
e, 
f. 



Room#1 baseboard length:_ 
Room #3 baseboard length 
Room #4 baseboard lengthy 
•Room #5 baseboard length: 



K baseboard length 



h 
_ft 
ft 



r 




i^i^^lan the seres (cop piping and the location of baseboard' 
tii^^Khen convector. 



ov i - 
*^ ^ J. 
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ASSIGNMENT SHEET #1 



'FIGURE 1 
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HYDRONICS 
UNIT V) 



ASSIGNMENT SHEET #2*-SELECT BOILER AND EXPANSION T^NK . 

Directions: Using a manufacturer's catalog provided by your 'instructor, select an 
appropriate boiler and two expansion tanks using the following specifications. 



Specifications: 

Total Heat Loss: 

h * 

s 

> Design System Temperature: 
Design Temperature Drop: 
Type of equipment selected: 
Initial filj pressure: * * ^ 
Type of terminaf'Units: 
System selected: 
1, Select-boiler from manufacturer's 'catalog' 
Boiler Model No, ± J « 



125,000 Btuh 
200 Agrees 
2»^egrefes 
LTW Boiler 
12psig 
Baseboard 
^^pries loop 



r 



' 2. Select conventional airpushion expansion tank. 



Minimum tank size: 



3, Select diaphragm tank sizte, 
* Minimum Diaphragm tank size: 



Gal, 



Gah 



\ • 

\ 
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ASSIGNMENT SHEET #3--MAKE A TRIAL SELECTION OF PJ.IMP-AND 
SELECT PIPE SI2B FOR SERIES LOOP SYSTEM • 



HYDRONICS 
.UNITVJ 

\ 



X 



or 
UL 



Specifications: # * , 

i 

Totafheat loss 

Design System Temperature; 

Design temperature drop 

Total length of system piping design 

1 . Calculate System flow rate in gpm 

A, @ 10 degrees drop: gpm 

B. @ 20 degrees drop: gpm ' 

* C. @ 30 cfegrees drop: j]pm 

D. @ 40 degrees drop: gpm 

E. @ 50 degrees drop: gpm " " 



491500 Btuh 
-200 degrees 
.jjnknown * 

100 feet 

* ■ 

/ 



2. Plo^pm-on eacftof therfollowing pump performance curves: 
(Example: Plot"14gpm on sample <^jrve:) , * f 



Sample 




2 4 6 8. 10 12 14 .16 18 20 

GPM* : - 
\ Pomp B 




X 



0> 
0) 
UL 



8 
x 



UL 



to 
X 



0) 




Pump A 



H — i — I — t — I — I — P — I — t— 

0 2 4 6 8 10 12 14 16 18 20 

GPM 




0 5- 



1 1.5 2 25 3 35 4 45 5 
GPM 



ASSIGNMENT SHEfiT #3 



3. List available head pressure ot eacfi pump selected: 

(Fxannpie: Sanfiple pump has 1 2 ft of head pressure at 14 gpm) 



Pump A; * \ Pump B: 

7 v . 



, Pump C: , Pump D: 



Pump E: 



4, From Table indicate minimum tubing size for each pump: Refer to Transpar- 
ency 11). - 

v - Pump A: > J Pump B: * ", Pump C: ' ' Pump D: Pump E: 11 



5. Assufne prices of pumps and tubing to be as follows: 

, * Pump A: $125, Pump B: S220, Pump C: $200, Pump D: $150, Pump E: $200 
1/2" copper tubing: $40.00per 100ft, , * 1 

3/4" copper tubirig: $60.00 per 100ft. / $ 

1" copper tubjng: S1 10.00 per 100 ft. ' / 



Indicate least expensive combination of pump and tubing which will provide 
adequate flow of hot water: a 



Pump: 



Tubipg size: 



Temperature drop: 



degrees 
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HYDRONICS 
-UNIT VI 



/ 



ANSWERS TO ASSIGNMENT SHEETS 

' • * * *. 

Assignment Sheet #1 r 

\. 5gpm 
. 2. Answers will v^ry 
3. a. 15.2% 
. b. ' 3 degrees 
c. * 1) Answers wttl vary 
2) H 20, 24, 26 
. > r ' 3) 10,8,10 
4) -32, 32, 28 

* {NOTE: 24-8-32 is preferred due.to thinner configuration,} 
'. d. 21 ft. 





6 

BEDROOM 2 





uvirrf^obM 




" 3 
DINING 
ROOM 




* Convector: 

2- 

KITCHEN 

Cburtter top 



300 



< 



Assignment Sheet #2 
, Answers eholjld be determined by materials provided by instructor 



Assignment Sheet #3 



1. a. 


10 gpm or 9.9 gpm 


b. 


5 gpm 


c. 


3,3 gpm 


d. 


2.5 gpm * 


e. 


2.0 gpm 



Sample 



to 

07 

x 



07 



TO 



07 



TO 
07 

X 



07 




6 8 10 12 14 16 18 20 
GPM 

Punnp B 






15 




TO 




07 




X 


10 






o 




4-1 

07 


5 


07 




LL 






0 




6 


T> 




TO 




07 

X 


4 


ll 

07 


2 


07 




LL 






0 




* 9 






TO 




He 


6 






07 


- 3 






LL 






0 



Pump A 





8 10 12"14 16 18 20 
GPM . 

Pump Q 



-J — I 1 — J — I fer 



01 23456, 7 ,89 10 
GPM 



Pump E 




1 15 2 25. 3 35 4 45 5 
GPM 



~9 « 



% r 



Assignment Sheet #3 

3. a. TO 
b. 4 




e. 2 

4. a. 1" 

b. ,-3/4" * * 

c. 3/4" 

d. 3/4" " 

e. 1/2" 

5. Pump D, tubing-stee 3/4" Terr|perature drop 20 degree 




> 



2:; 3 
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HYDRONICS 
UNIT VI 

,NAME 

TEST 



1. Match the terfns/on the right with their correct definitions. 



a,/ Transfer heat from the water to the air 
which is blown through the coil; similar 
in construction to autdmbbile radiators 
and located in air ducts 



_b, Tfife- pressure exerted by a^GOlumn o^water 
measured in the height.of the water column 

c. System which requires pum|D pressure for 
circulation 



d, A device immersed in a boiler which transfers 

- heat from the boiler to the domestic hot 

* water supply of a structure 

e. Pounds per square inch of pre&ure 



J> Water which has been cooled before 
* circulating through coils for cooling purposes 



g. The heat delivered from a hot or warm 

" surface to a cooler surfacfe by radiatiorf 
of infrared rays 

h. Heat expressed in thousands of ,Btu's per 

hour 



i, British thermal unjiJpper hour 



A j . Flow rate in gallons per minute 



__k. Institute of Boiler and Radiator Manu- 
facturers * * 

L Steel Boiler Institute 



ja A !type of pump design whereby fluid -is 
"thnown" by aijimpellor rather than pushed, 
by a piston 



270 ; ' 



1- SBI , 

2. Design water' 
temperature drop 

3. 'MBH 

4. Hot water or 
steam coils 

4 

5. Psi 

6. Gpm 

7* Terminal units 

8. Chilled water 

9. Hydronics \ 
,10, Head* 

11, Ractfant heat 

12, ftR 
13.. Btuh 

14, Tankless water 
heater 

15, Centrifugal pump 

16, Forced circula* , 
tion system 



J 



304 



- n. The science of heating with water 

o. The difference in temper^ttrfe' between 
supply and return water'temfreratures at 
the boiler at design output * 

p. ^ Equipment which releases heat from a 

hydronic system to a conditioned space ^ 

2. Distinguish between a hydronic gravity system and a forced circulation system by 
placing an "X" next to the descriptions of a forced circulation system. 

a, Head seldom exceeds 3 to 4 inphes in this system 

S 

b. When tank less water boater is present, provision must be made to prevent 

gravity effect during off cycle 



_c. Head may be 8-15 feet ^ . 
d. Requires much larger pipe systems 



e. Operates on the principle that hot water is lighter than cold water 

1 Operates on pump pressure rather than gravity s 

■ 

L g. Frequently uses pipe size 3/4" to 1/2" \ 



3. Match \he classifications of hydronic systems with their temperature-pressure 
characterises. * 



a. 1) Maximum temperature-250 degrees 

2) Maximum pressure-160 psi . 
,3) Usual upper limit-3,0 psi 

b. 1) Maximum temperature-350 degrees 
<2Xr Maxiffyim pressure-150 psT , • * 

3) UsUal design temperature-250to 325 degrees 

4) Usual design pressure-150psi 

c. 1) Minimum temperature-Over 350 degrees 
2) . Maximum temperatute -400 to 450 degrees 



1. Dual tempera- 
ture system 

2. Low temperature 
water system 

3. Chilled water 

4. Medium temper- 
ature water 
systep 

5. High tempera- " 
tu re water 

* system 



3).. Usual pressure--3,Q0 psi 



2.7 1 



i. > 
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_tf. 1) Usual temperature 40 to 50 degrees 

21 Operating pressure-1 25 psi 
_e^1}^ Hot and cbilted water 



temo 



2) Usugt temperatures of 100 to 150 degrees, winter 

3) Usual temperatures of 4p to 55 degrees, summer' 
4. Identify the types of common hyflronic system designs. 




J 



( 



4 
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4 




Boiler t* Ja Pump 
-1 ^ * 



,Match 6orirtmon % hydronic system designs with their advantages and disadvantages. 



^a . 1)^, * Adysntage-Low installation cost 




2) Disadvantages 

a) * Water temperature is progressively 

reduced around circuit requiring 
aHowance for colder water for 
heating purposes ' 

b) Water temperature and rate of 
flow to any terminal unit within-^ 

^ circuit cannot be regulated without 

affectin^all othet terminal units in 
t^ circuit * 



1- Multiple*circuit 
* l system^ T 

r 2. ,$eriesi^9p 

i i, 
,.3* Panel system' * 

4* One o£pe system 

5- Two/pipe direct- 
recuiyi system, 

6./"Two pipe reverse, 
return system : - 



c) * Tube size in terminal units limits 
flow of toaterVaftd^paptfcity of d 
systerfi 7 ^0 



b. 1) Advantage-Possible to "control e flow 

and heat from indiyjjluaf terminal 
units 

2) , Disadvantages 

a) H(ghef in cost than the series 
* fcffip system 

b) Shows progressive drop in 
temperature ■ around Jthe water 
circuit ** 

c. 1) Advantages 

a) Equalizes distance water flows 
through each terminal unit and 

, t equalizes temperature drop 

b) Eliminates allowance for 
temperature drop Jjetween terminal 
untts * 

c) Individual control of terminal units 
does not affect other terminal units 

2) Disadvantage-Additional ( pipe increases 

t : OOSt / 

■ *J 

1) Advantages " 1 v 

^ a} Valuable in split system (dual 
, % temperature) 

&b) Lower in cost than reverse return 
system 

2) Disadvantages 



9) 



Creates balancing problems due 
to different temperature drops 
, across terminal units- wiffi'low, 
resistance to flow 6 



b) A imitedy^app ligations unless the t 
terminal unity have high resistance ' 
* to flov/ s 



1 ) Advantage-Does not interfere with 
> placement of furniture 

2) Disadvantage- ^Leaks are expensive to* 
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4*. 1) Advantages r ■ w 

^3} Reduces the total length pf circuits 

bi Reduces number of tenmjnflf units 
:/ inacircuit t . J , 

c) Reduces 'pipe size of main trun 

i . \» 

d) Simplifies pipe design in certain 

. typfes of burldings 

2) Disadvantage- Could unnecessarily com- 
plicate an installation where a simple + 
y .circuit would be satisfactory # % 

Select true statements about design water temperature by placing an "X" in the 
appropriate blanks. • , - 

a?\ Design water temperature is used when compensating for temperature 

drop through series loop circuits - * * 

High temperature requiresles^radiatioo equipment 

^c-' Determines ;basis for selectiqn'of terminal unit?' 

d* Does have an effect on selection Of boiler size , * . " P ~ 



i Each circuit of a-multiple circuit system, may have a different design water 
tenriperature y * . 

Match tfje- design water temperature drop "on 'the right x<$ the correct terminal* unit, 

a. Unitheater 1 v , ■ . . - j 1. Up/to 50' J 

b. Convectors J ° 2'^ 30° 

c. Cast rrbn radiator * p *v - 3. 10 6 -'30 e 



d. Baseboard 



Solve the following problem involving de£iefn water flow rates through a circuit. 
Specifications:' . ' J ' ' 

30* temperature drop ^ * ■ " - + ^ 

Area 1 -36,000 BTU's heat loss - , * ' 

Area 2-22,000 STUVheatfloss • - l 

Area 3-25,000 BTU's heat lois . m ^ [ ■ 

What is the design Water flow ratfe through each circuit? 



9* Match the minimum design flow rate on the right with the correct tubing size. 

a. 1/2" tube size " - 1 - 0-9 minimum design gpm 

b. 3/4" tube size ' '2. 0.3 minimum design gpm^ 

* -• 

Ci V* tube size , 3. 1.6 minimum design gpm 

— # 

d. 1 1/4" tube size • 4. 0.5 minimum design gpm 

10. Stiect true statements about the placement of terminal units by placing an "X< M in the 
appropriate blanks. 

a . Terminal units should be placed under wood areas to counteract cold %ir 
fcftling from contact with cold wood , ' ' \ 

- b. Terminal units should be placed along outside walls no^ containing gla^s * 

<?. When outside wails are used to the fullest extent, balance of required 

terminal unit length may be placed along inside walls 

d. Long, thin units along walls under windows produce more comfort eco- 4 

nomically than high, thin units' * 

— e. A unit/on the staft landing will temper or stop ttf^ flow of hot air falling 

T . down stairs 

, f. terminal units should distribute heat over the full length of long rooms to 

prevent spot heat 

jg. Forced air heaters should be installed so that heaters and registers create 
objectionable^ blasts of hot air 

• h. Combination /heating £prd cooling units require special jnsfallattan; follow 

manufacturers recommendations • 1 
• I*- 

1 K Match terminal units with their characteristics^arid uses. ' a . 

a. "iT Column and large .tube radiators are 

no longer manufactured but ratings 

are based on ttieir performance . % 

\ 

■h 1 * * 

2) Slim *ti£e and wall type- radiators are 

suitable for homes and small office 
/ * buildings K * * ^ 

3) May be hung on walls or ceilings where * * 
floor space is not available V / 



4) ' Moderr^radiators aje rated • in Btuh * 
oer sauare fodt* of Eauivalent .Direct I 



per square fodt* of Equivalent .Direct 
f Radiation (EDR) 



1 / 
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_b, 1) RqoitV air enters at* bottom and .passes 
between hot ■ " f i ns to reenter room 
ttffotfgh outlet at top of device 

2) Delivers more Heat for v its size tb&n 
radiatorsxJue to, chimney Effect of the 
cabinet 



I ) c, 1} Made from hollow cast iron sections 

2) Made from 3/4" to 1/2" copper tubing 
with aJutriinum 'fjns surrounded by sheet 
metal enclosure withfopening3%t top and 
bottom" 

V 

- d . Larger diameter, higher capacity commer- 
, f C j a | - e q U j V alents of residential baseboard 
' ^ 'terminals i 

; J - 

e. 1) Used to temper, reheat or boost healing 

of ducted air *> * * * * „ 

2) ^inn^d "tube construction similar to . * 
air conditioning coils br aCrtbmobile^ 
radiators ■ 

f3) Must be protecJk from freezing * #t - 
' - - j 
f r 4) ^Ratings are not ^niformfjgue to varying 

air velocities, varying water velocities,- * 
, / varying air^nd water temperatures; use 

/ rpanufacturers' literature for ratings and.' 
' coil selection *. A 

12- ' Complete a list of steps in the selection and sizing*of terminal units. 

■ a " . i> • • ■ 

b. Determine tiesign water tenjpersture ? 



1. Baseboards 

' 2. Air heating coifs 

* 3, Convectors* 

4\ Cast iron radiators 

5- Pinned tube 



9 



- 1 



d. Select adequate size terminal frornmanufacturer's literature 

13, Select true statements contekning fuels, ratings," afid selection of .boilers by placing an 
"X" in thtf anoronriatp hlanks? * v 



X in the appropriate blanks? 
a. Fuels used for boilers 
\) v Gas ■ 
2) .Electricity 
• 3} Coal • " 
, -4} Oit 



7S 
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b. Ratings $re either iif gross IBR or SB! output or net IBR or SBI output 

1} Gross IBR or SBI output is not used for selecting boilers for * 
. - residential applicatipn -\j 

2) Net IBR or SBI output is rated in - Btuh for water boilers' and ( 



•* in square feet of radiator area for steam boilers 



*' 1 c. In new cpnstruction, se1ect\>ojler with net rating of 100% of connected 

^ioad^^- .■■<(. i _ , t 

* d. In replacement toilers, select a boiler about the size of the old boiler 

* 

14. Distinguish between advantages and disadvantages of types of residential expan- 
sion tanks by placing an "X" in si) blanks that indicate advantages, 

a. Open expansion tank * 

,1) Permits the expansion of water vyhpn heated " 



2) Lower initial installation cost 



iFRir 




_3) Allows 'the evaporation of boiler water which must be replaced 
4) Produces boiler s$ate and los^of efficiency due to the addition 



of make-UfitfvateF 
b. ? Ar cysion expansion tar^c 




J) Maintains system pressure below safety pressure relief v^lve 
setting - 

* * *~ * * 

2) * If sized too sm^ll itjwilr^jtceed the setting of the pressure 
relief- 



7 



\ 3) tf sized 1 too large, it can result ih noisy operation due to 

boiling in areas of less pressure 



_4) Waterman absorb the air and waterlog tfRS%xDgnsion tank over*' \ 
period ottime * ■ " * % 



Air-cushion expansion/tank with diaphragm - 

1} Pefrtiits^fftaller tartk sfzedue to prepressunzatlon above the 

diaphragm . , . / 



^2} Water cannot absorb the t air that is trapped, above the diaphragm 
3! Morer costly t^nk^ov^r a period of time i 4 - " 

- ' .... ' ' •> •• ; .• 




t 
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15. Select true statements concerning steps in the selection of residential expansion tanks 
by placing an in the appropriate blanks. 

a. Allow 1 gallon of tank capacity for each 5000 'Btuh of total heat loss if 
conventional tank is used ' - 

* . ' .* *' 

b. AMow 1 gallon of tank capacity fpr each 7Q£)QfBtuh of total heat Ibss if 

v pressurized diaphragm tank is used, and prfepressurtzed lo-afVeast^e psig 

9 * ' / A 
c. If calculated tank size is not available, select next si2^ smaller tan! 



16. SeSect true statements about the*type, designs/and. sizing of residential \pujftps by 
placing an "X* 1 in the appropriate blanlcs. * , 

% / r 

a. Residential pumps are ysually^pistoh driven ^, 

* b. For a given motor horsepowe^a pumfx can be Resigned to deliver either 

(high volume at low purr}p head orhigh pump head'at low volume .\ 

' c. Residential pumps are sized from 5 to 150 gallon^ 'per nfnnyte-^f^ft^d 

F pressures of 4 to ^ feet of head- . 

17. Complete a list of. factors in the selection of residential pumps, , 
a. For a givefi size of piping, pressure drop will increase as rate of flow increases' 



18. Arrange in order the steps* in selection of residential pumps by placing the correct 
^sequence ndmber in the appropriate blank., * . \ \ 

a . Make selections includiftg consideration of cost of pumps ^ J * 

* * - - • t • - 

- b. Refer to 'manufacturer's-) Iter a ture for pump performance curves 



c/ Determine design rate ow jYi gpm 



Make trial selection of several pfrumps with various available-pump headset 
design r^te^of flow 



omica! total 



e t Solve for piping size and ^Ject proper pump Sox 
cost of piping and pump It , . 




19. Complete a list; of factors affecting pipe sizing. 

a, , • 

c. Available pui^ head pressure | 



d/ Cost of pipe and fittings 



* 
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20. Select true statements concerning the procedure for seleption of pipe sizes by placing 
an "V in the appropriate blanks/ - - ' * x * ' 

(NOTE: For a statement to be true, all parts eft it must be true!) ' 

a. Refer to pipe sizing table in manufacturer's literature - * ' 

b. Refer tb pump manufacturer's pump performance charts 

/ c. Plot pipe size curves on pump performance curves for various a^ffabl? 

' sizesof pipe ' 

' d. Select most economical combination of pipe size an^f pump size 

e. If total system co£t is not acceptable, select new system design 

1) Increase or decrease number of circuits 



2) Increase or decrease number of pumps 

3) Increase or decrease sophistication of specialty fittings and'controls 

4) * Increase or decrease design water temperature *• 

5) Increase qr decrease destgp temperature drop 



21. Match types of hydrontc specialities with theft characteristics and uses, 



ictuses. \/ 



_a. 1) Eliminates air absorbed by Water , 
2) Usually located at the - boiler 

b. 1) Eliminates air traf^ed'in system 

A - » 
2) Usually installed in high points in 

systejmr at terminal units 0 - 



3} May be 'either rrianually operated or 
automatic ^ 



1- Balancing vatves 

2. Zone valve ** 

3. Air elimination 
■ devices 

4. ' Pressure relief- 

Ire , 



r 5 



valve 



1) Common glot^e valve in aid manually 
operated systems 

' - # 1 ' 

2) ' In moderp automatic systems the 

fill r valve is a combination pressure, 
reducing valve set at 12 psi combined 
with a checl£ Valve 

a) * Adds water to boiler when pressure* 

drops below set point ot fill valve 

b) Prevents boiter water from bapking 
into municipal water system 



6- m One-pipe 
, ' fittings 

7. AirvenT* 

8. Flow control. 
- valve - 





4 
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~ d, 1 ) /Used in multiple circuit systems 



2) Regulates flow rate of water in separate \ 
* circuits * * ^ 

3) 'Usually inexpensive squz^e head cock 
valves 

4) ^ Usually located in return legs of branch 

circuits at manifold near boiler 



\ 



. e. '1) U&d to prevent gravity effect of rising 

t . \ hot w&|«r during off cycle 

2} Usually ayype of weighted check valve 
with enough resistance to prevent hot 
water frocn rising by gravity but will 
open easily under pump pressure 



f, , 1 ) Used as a safety valve 

2) Usually comes as part of boiletf 

3) Must be capable of discharging full 
Btuh rating of boiler in form of steam at 

* a pressure setting 3 ,psig above rated 
orking pressure of boiler 

discharge rate is indicated on name- 
plate of valve - ' 

Used in one pipe systems 

2) * Operates ^as a Ghoke on supply loop 
to divert water to terminal un# 




_h, 1) Used open' or shut off flow of hot 
water to a zone' 



2) Thermostatically controlJed 



3} Either rtiotorized or- Solenoid oper- * , * 

ated . * ' . 

Seleci true stateroents concerning steps in designing a hydronic system by placing 
an "X" in the appropriate blanks, r * 

• Make trial Selection of system design . * ' / 

- b. Make^a layout qf 'pipjng system 



"c. Calculate heat loss 




d. Determine Btuh requirements for each circuit or zone of piping system 
Select design* system temperature and. design system temperature drop 
f. Determine water flow rate required . * - 

Select terminal units 

h. Select boiler 

i. Select expansion tank „ 

j. Determine length of circuits * 



_<fc,. Make inai selection of pump 
f. Determine pipe sizes for each trial pump sejection 

J 

jtl Make final selection of pump and ppe size and system design 
n. Make selection of hydronic specialities 



23. 
24. 

0 

9 25. 



Lay out a s&nes k>op*singie circuit- hydronic system vSith boiler located under floor of 



^dining roomj 



Select a boiler and Expansion *apk. * 

ivfake^a u\a\ selection of a pump and seiect pjpe size for series loop system. 

/....■ 

(NOTE. If these activities have not been accomplished prior to^fte test, asK your 
Instructor when they should be completed j 
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11 



12. 

13. 
14 
15. 

# 

17 



b. 3 , > 

c ' 1 . • , 

d. 5 

e. 2". ' 

a. Determine room heat ioss ^nd MBH 

c. D^eprmine de^gn temperature drop 



■ \ 



/ 1 



. a, b, c ■ 

3. 1, 2 b. 1 ■ c, 1, 2 

a, b - ^ 

b, c ■ ' - 

b. For- a given r3te of flow, pressure drop >.i'; $tjca*ase *as size of pipe increases 



"c>^Jbere will always tie moid than one coni!;i t litai; of pipe, size and pump head 
* which tfill produce required water flow rat" 



18. 



19. 

20. 
21. 



4 

? . f 

3 
5 

Rate of flow in gallons per minute 
Length of pipe circuit <o feet of pipe 



a, 
b; 
c. 
d. 
e. 

a, 
b. 



a, b, c t jp, e^ 

a. 

b. 
c. 
d. 



22, 
23. 
24, 
25, 



3 




8 


7 


f. 


4 


5 


9- 


6 


"l 


h. 


2, 








c, d, e. 


f, g-"h. 


i, 1- 



^Evaluated to the satisfaction of the instructor 
Evalii^ted to the satisfaction of the instructor 
Evaluated to the satisfaction of the instructor 





-J 
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